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A monthly paper devoted to the siipiar interests of Hawaii and issued by the 
Experiment Station for eirculation among the Plantations of the Hawaiian Sugar 
Planters ’ Assoeiation. 


High Yield 
Possibilities. 


I'he coyer of this issue shows a picture of some ratoon 
cane. ^I'he jilant cane jireceding this crop c ielded 118 tons of 


canc jier acre and gave L^.8d Ions of sugar j)cr acre*. W e are 
not jirepared to say wliether the yield of the plant croj) can he rejieated in 
this, or suhsecjiient ratoons, A great deal will de])end u])on tlu‘ weather of 
the winter niontlis and the influence that rains may exert on tlie (|uahly of 
the cane. 


An encouraging feature about these heavy croi)s of cane is that the 
methods used are simple, clear-cut, and applical)le to other areas than those 
at Waijiio — perhaps not to entire plantations, even when favorably situated, 
but to areas of consid(‘rable size having similar soil conditions and water 
supply. Such methods so applical should result in \ields a])i)roaching in some 
measure the yields obtained at Waipio, even though the ligures actually real- 
ized there are not duplicated. 

A second encouraging feature about these hi‘avv cro])S is that they were 
obtained from unselected H 109 cane and anything that bud selection has to 
contribute to the industry will express itself in still higher returns. 

A third encouraging feature is that the variety 11 109 may not be the 
best variety of cane which we have today for irrigated lands. An article in 
this issue by J. A. V'erret show s that among the new' seedlings w^e may have 
canes which are constitutionally superior. These seedlings, if better to begin 
w'ith, will ])ossibly lend themselves to im])rovement through bud selection. 

'Fhe (juestion arises (piite naturally as to wdiat is the physical limit to 
the anujunt of canc that can be ])roduced on an acre of land. Wdien do we 
reach the limitations ])osscssed by an acre in i)oint of sunlight and root zone? 
If these ])rove to be the limiting factors in sugar cane production, wa* must 
W'ork for higher yields in terms of shorter cropj)ing ])eriods. 

In other wa^rds, if \\v can not j^roduce, without undue overcrowding aufl 
consecjuent rotting of cane in the field, more than 118 tons of cane jx'r acre 
in two years’ time, we must then work for yields of this character in less than 
two years’ growing time. 

A tw^o year cycle may j)rove a less economical cropj)ing ])eriod than it is 
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now held to be. If we can not produce three very heavy crops in six years, 
we must then seek to produce four heavy crops in the same length of time. 

V\> may find, for example, that it is better business to produce four 
crops of 100 tons of cane in six years (or one crop each eighteen months) 
than to ])roduce three croj)S of 133j/3 tons in six years (or one cro]) each two 
years), d'he gross tonnage of cane in each case will be 400 tons per acre for 
llie six \(‘ar ])erio(h and ])ossil)ly w'e .shall lie better able to control the quality 
of cane under eighteen month cropping cycles. 

T.ookin <4 ahcxid to yields of this type, it must, of course, be remembered 
that \\c are discussing our better irrigated lands and that even then the 
success of such agriculture is entirely dependent uj)on our ability to control 
insect pests and cane di.seases, and that the loss of control of such factors 
waiuld defeat wliat we may otherwise ho])C to accomplish. F>etw’ecn the in- 
dustry and misfortune from pests and diseases there stand the accoini>lish- 
ments of our entonujlogists, plant ]:)atliologists, and quarantine officials. They 
must be given every supi)ort in the w’ork that lies before them in preventing 
disaster to our plantations, W'e must ahso su])])ort the work of soil research 
that will determine how^ the heavy use of chemical fertilizers can be handled 
to best advantage undcT our one-crop agriculture. 


Promising H 1 09 Seedlings. 


1918 Oahu Propagation. 

We report herewith the results of two harvests of a scries of H 109 seed- 
lings. The series com])rises 102 varieties propagated in 1918. 

The tassels from wdneh these seedlings Avere obtained were colleced at 
Ewa Plantation and at Waipio. Numbers 1 and 2 are from Ewa tassels with 
no other varieties growa'ng nearby and are therefore probably pure H 109 seed- 
lings. Numbers 48 to 55, both inclusive, are also from Ew^a tassels. In tliis case 
Lahaina cane w\as in hloom not far aw’ay and w'e have jiossibilities of I f 109 X 
Lahaina crosses here. All the other seedlings are from Waipio tassels, where 
several other varieties were in bloom nearby, the nearest of which were D 1135, 
SlrijX'd Mexican. Lahaina, and some H 25. 

In our w^ork of seedling i)ropagation, after handling many thousands of 
tassels, \\Q have noted that we always get better germinations, and generally more 
vigorous seedlings, wdien we gather tassels from localities having two or more 
diflferent varieties in bloom at the same time, than when w^e collect from the 
center of large fields of single varieties. This leads us to the conclusion that, 
W'hen w^e gather tassels where several varieties are growdng, the majority of the 
progeny obtained are crosses. 

This point is rather wxll illusratcd in the t>rcscnt series of seedlings. They 
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were obtained from a total of 885 tassels, giving 1480 germinations. (Jf these 
tassels ()(X) were from I^wa and 285 from W'aipio. 

The results obtained arc shown as follows: 


Lot No. 

No. of 

Wlu‘ro 

Other Varieties 

No. 

of Seedlings 


Tassols 

Ohtaiiicd 

Nearby 

Afi er 

First Seleetion 

S 

•100 

I'lw a 

None 


k) 

u 

200 

Va\ a 



s 

9 

150 

AVaijno 

' 1) n;i5, Sir. Mc.\. 


45 

1(1 

; 25 

Wni]>io 

i i)n:i5 


11! 

IS 

50 

Waipio 

^ n J i:!5 


7 

1 

(U) 

Whiijiio 



28 

^ This Laliaina was on the 
11 109 towards tli(‘ Laliaiii 

7nakai si<lc. 

a. 

Th(‘ pre\ ailing diroi'tion 

of the 

wind was from 


( >f tlie above seedlings the first two, from lot 8. are undoubtedly pure II 
'The eight from lot 14 contain some crosses, while of the remaining ninety-two 
the large majority are crosses between II 100 and oiu* of the nearby varieties. 

d'hc first crop was planted on March 25, 1010, and harvested January 26, 
1020 The second crop, first ratoons, was cut back for seed July, 1020, and har- 
vested ( Ictoher 10-11, 1021. 

In reporting these results we recognize the fact that it is not pos'^ible to de- 
termine the true value of a cane seedling vv’ith any accuracy until it has lieen 
crop])ed for at least five or six years, but since such a large numl)er of these 
seedlings have given such uniformly high yields we feel justified in giving out 
at this time the results obtained. No other series of seedlings ever handled at 
the Station has produced such a high percentage of promising new \arieties. 

are spreading these seedlings as ra])idly as possible at Alaldki and at 
\Vaij)io, for which reason we shall not have seed for outside distribution for an- 
other year or tw(\ At that time we shall have rather large areas for the disiri- 
bution of those which continue to be high producers. 

A number of these seedlings show a great resemblance to H 10^1 Number 
49, for instance, is almost identical. Tt was grown from an Ewa tass(4 and is 
proliably a jaire T4 109 seedling. 

The results obtained are given below. The yields arc retiorted from net 
areas. In coinj)aring them to yields reported from irrigated ])lanlations the 
amounts given should be reduced by 16^? to allow for ditches and water courses. 
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Order of 
Sii^ar 

f Number 
! of 

jl 

Tons Can per A«' re’ 

Quality Ratio 

1 

Tens [k*i Acre*' 

Yield in 
1921 Cro]) 

1 Variety 

1920 

[ 

1 1921 

1 

192(» 

1921 

1 

1920 

1 1921 

1 

29 

o:{.8 

148.98 

12.05 

7.90 

5.2 

18.7 

2 

1 

92.0 

1(11.22 

9.00 

0.41 

10.2 

10.2 

.‘i 

! 

1 52.9 

102.27 

(i.OO 

0.55 

1 7.9 

15.6 

4 

! 

; 92.8 

97.79 

10.05 

0.59 

i 9.2 

14.8 

5 

i 49 

81.7 

100.84 

9.00 

0.90 

' 9.1 

14.0 

f) 

, oo 

72.8 

98.01 

7.45 

6.92 

9.9 

14.1 

7 

78 

70.7 

89.72 

7.70 

0.25 

I 9.9 

14.1 

H 

() 

i 64.7 

90.00 

8.00 

0.47 

7.5 

14.0 

9 

01 

1 80,5 

99.97 ' 

7.00 

7.81 

' 12.2 

12.8 

10 


85.2 

100.84 

11.80 

7.80 

i 5.8 

1 2.8 

n 

20 

78.0 

90.29 , 

8.50 

7.29 

9.2 

12.4 

12 

22 

70.1 

82.98 

s.:u) 

0.07 

8.5 

12.4 


1 54 

i 

; 6D.;( 

77.10 

8.45 

0.20 

i 7.7 

12.4 

M 

05 

01.0 

79.71 

9.00 

0.41 

' 6.8 

12.4 

lo 

40 

02.0 

79.28 

7.40 

0.59 

1 8.6 

12.0 

H) 

II 109* 

50.0 

75.20 1 

7.55 

0.29 

1 

! 7.4 

12.0 

17 

88 

i,: 59.9 

78.84 

0.85 

0.07 

8.7 

11.8 

IS 

10 

1 77.1 

J4:i.76 ! 

9.95 

12.10 

' 7.7 

11.8 

19 

82 

1' 52.2 

75.58 

7.05 

0.47 

7.4 

.! 

11.7 

2(» 

47 

li 08.0 

1 1 

72.90 

9.10 

0.20 

1 7.5 

11.0 

21 

27 

1| 

84.07 ' 

12.55 

7.24 

, 5.0 

11.0 

2‘* 

12 

' 71.0 

90.00 1 

9.00 

7.98 

7.9 

11.4 

2;t 

»> 

j 81.2 

80.59 j 

1J.45 

7.09 

7.1 1 

11.4 

24 

45 

54.2 

72.75 

10.15 

0.1 1 

5.2 ! 

1 1 .2 

2r> 

19 

' 54.9 

81.08 ' 

7.70 

7.14 

7.1 

ll.O 

20 

12 

05.0 

72.40 

0.00 

0.81 

9.9 1 

10.8 

27 

48 

00.9 

70.12 1 

7.70 

0.52 

8.7 j 

10.7 

2s 

17 

j, 08.2 

71.00 ' 

10.15 

0.72 

0.7 j 

10.0 

29 

' 29 

01.4 

09.48 

9.00 

0.(;2 

0.4 1 

10.5 

: m ) 

40 i 

00.9 

72.52 

10.40 

0.91 

0.4 j 

10.5 

21 

25 

55.5 

84.94 

9.85 

S.07 

5.0 1 

10.5 

22 

55 ] 

' 02.9 

82.20 

9.95 

8.02 

0.4 j 

10.4 

22 

07 j 

1 01.4 

07.95 

7.45 

0.01 

8.2 

10.2 

34 

98 j 

: 49.4 

70.25 

7.45 

0.80 

6.6 j 

10 2 

55 

7 ! 

80.9 

88.21 

12.70 

8.52 

0.2 ' 

10.2 


02 ! 

62.2 

71.87 

10.15 

(i.95 1 

0.2 

10.2 

27 

20 

55.8 

71.87 

8.15 

7.01 

o.s 

10.2 

28 

70 i 

59.2 

08.82 

7.25 

6.89 

8.2 

10.0 

39 

87 i 

1 

50.2 

70.25 1 

8.85 

7.07 

0.2 

10.0 

40 

85 i 

42.9 

05.78 

6.80 

0.67 

0.8 

9.9 

41 

42 ; 

02.1 

71.87 

12.55 

7.29 

4.9 

9.9 

42 

72 j 

42.8 

70.12 

10.05 

7.09 

4.4 

9.9 

42 

4 j 

84.5 

81.89 ' 

9.45 

8.22 ' 

8.9 

9.8 

44 

52 ! 

72.2 

58.81 , 

6.80 

0.07 

11.5 

9.7 

45 

92 1 

59.2 

07.20 

8.95 

7.12 

0.0 

9.5 

40 

21 i 

05.8 

70.45 

8.90 

8.11 

7.4 

9.4 

47 

11109* 

I 

48.4 

74.05 

9.95 

7.85 ! 

4.9 

9.4 

48 

09 

1 1 

49.2 

60.98 

11.20 

0.49 

4.4 

9.4 

49 

16 |1 

02.7 1 

07.08 

7.40 

7.22 

8.5 

9.2 


"Those yields were not oldniiiod iiiuloi’ idantatioii eoiiditions. mid should lie noooptcd 
fill- ooniimnsoii purposes only. The jiiioes wore olifiiinod from :i small hand mill and are 
hotter than mill .jni.os «ould ho. .\ lihoral disoount should ho made before oomparing 
to pljintation yields. 



Ordor of 
Su^Mi* 
Yield iu 
1921 Cioi» 

Nuinher 

of 

Variety 

O'oiis Cane 

per A<'ie" 

Quality 

Ratio 

Tons SuiiMj 

]>(‘r Aci i 

!!);;() j 

1921 

1920 

1!»21 '! 

1921 

no 

92 

48.1 1 

70.57 , 

1 

7.01 

(i.5 

9.5 

51 

51 

40.5 i 

04.90 

lo.yu 

0.98 

5.5 

9.5 

52 

85 

49.0 

02.51 ; 

7.25 

0.S2 

(i.S 

9.2 

55 

55 

55 5 

57.72 ; 

8.05 

0.59 

0.9 

9.0 

51 

8 

5S.0 

00.77 . 

11.20 

O.Sl ; 

5.5 

8.9 

55 { 

90 

55.1 

59.40 i 

s.oo 

0.70 1 

(i!) 

S.S 

50 ' 

79 

:;s.(; 

0:i.5S 

7.50 

7.17 

5.2 

S.S 

57 ' 

97 

59.9 

57.00 

S.05 

0.55 j 

7.4 

S.7 

C)X ! 

58 

58.0 , 

70.25 

S. 45 

8.S0 

0.9 

S.7 

nit i 

58 

TS.L' ' 

00.77 

S.15 

7.07 

9.5 

S 0 

m. ’ 

90 

50.5 

52.27 

S.15 

O.OS 

0.0 

s.o 

01 

102 

07.5 1 

52.71 

0.15 

0.20 

11.0 

S.5 

02 

2S 

85.4 

70.SS ’ 

11.00 

9.17 

7.2 

S.4 

05 

57 

00.4 

70.01 

12.20 

9.00 

0.2 

S.4 

01 

a ]()!»* 

58.S 

51.45 

S.20 

0.45 

5.5 

S.4 

05 

00 

01.(1 ' 

75.40 

11.50 

s.so 

5.1 

8.5 

00 

77 

1 5(KS 

01.25 

9.95 

7.77 

5.1 

S.5 

Ow 

;ii 

47.;i ' 

54.01 

7.00 

0.57 

0.5 

S.2 

(is 

7.‘> 

SI. 5 

77.54 

s.ir) 

9.52 

10.0 

S.l 

(iO 

2() 

52.9 i 

07.52 

S.15 

S.51 

0.5 

S.l 

70 

SO 

4S.1 

02,07 

S.70 

7.()4 

5.5 

8.1 

71 

S4 

45.1 

5 1.S9 

9 00 

0.7S 

' 5 0 

S 1 

72 

2:i 

4 1.9 ' 

5S.57 ' 

9.95 

7.50 

4 5 

S.O 

75 1 

91 

55.S 1 

54.25 

0.80 

0 99 

1 s.s 

j 7.S 

74 

00 

50.9 1 

49.00 1 

8.15 


0 7 

7.8 

75 

99 

50.4 

57.50 

11.20 

7.5S 

1 5.1 

! 7.8 

70 1 

75 

54.5 i 

50.75 

, 9.10 

0.75 

0.0 

7.5 


70 

5S.0 1 

55.5 1 

1 i 

I 7.54 

! 8.5 1 

1 1 

7.4 

1 

7S 1 

71 

51.0 1 

47.92 , 

8.15 1 

0.50 

1 0.0 

7.4 

79 1 

21 

7.-,.l 

55 7() , 

11.45 

7.82 

' 0.0 

7.1 

SO 1 

41 

4 1.4 : 

4S.57 ■ 

1 8.50 

0.S7 

j 5.1 

7.1 

s. 1 

50 

40.4 1 

47.20 1 

i 14.55 

0.05 

1 5 

7.1 

S2 1 

9 

57.9 i 

42.91 ' 

7.05 

0.11 

7.(i 

7 0 

S5 , 

55 

54.2 j 

04.05 , 

9.95 

9.10 

j 5.5 

7.0 

S4 1 

OS 

59.4 i 

01.20 

* 7.85 

S.SO 

5.0 

1 

i 7.0 

sr, 

15 

59.9 '■ 

52 95 

9.10 

1 7..5S 

, 1.4 

i 7.0 

SO 

52 

75.0 j 

49.22 

8.20 

7.09 

; 9.2 

0 9 

S7 

51 

5S.4 ; 

58 .57 1 

11.50 

8.14 

5.2 

j 0.9 

ss 

SI ’ 

45.S 

45.90 

0.00 

0 7S 

1 4.9 

‘ 0.8 

S9 

42 

49.0 

51.02 ! 

10.05 

7.97 

4.7 

1 0.5 

90 

04 

55.5 ! 

45.08 , 

8.95 

().99 

0.2 

' 0.4 

91 

74 

5S.4 j 

54.89 

9.55 

S.77 

0.1 

i 0.5 

92 

101 

44.7 ■ 

47 04 ■ 

i 9.10 

7.01 

4.9 

0.2 

9;i 

02 

41.0 1 

41.82 1 10.10 

O.Sl 

4.0 

0. 1 

94 

S9 

j OH.S j 

58.57 

8.20 

10.55 

4.7 

1 5.7 

95 

86 

47.5 ■ 

42.04 

0.95 

7.50 

0.8 

' 5.0 

90 

57 

4:u ! 

58.77 

8.05 

7.09 

5.4 

; 5.5 

97 

14 

! 55.5 1 

45.90 

10.05 

9.41 

5.2 

i 4.9 

9S 

50 

i 48.0 , 

51.40 1 

9 75 

10.S2 

5.0 

4.8 



6 


Order of ; 

Sugar 
yield in j 

19LM (’rop 1 

1 

Number 
of ! 

Variety ' 

Tons ( ’aiM' j)e 

r 

Quality 

Ratio 

, Tons Sugar 

[K'l* A ere ^ 

! J920 

19:21 

1920 

1921 

1920 

1921 

99 

100 

()().;{ 

37.24 ! 

8.15 

7.96 

7.4 

4.7 

lOO 

i 

47.5 

29.62 

10.90 ! 

6.52 

4.4 

4.5 

101 

44 ' 

47.9 

38.55 

11.75 i 

8.70 

4.1 : 

4.4 

lOli 

95 

:15.7 

32.89 

11.05 

7.69 

3.2 

4.3 

loa 

59 

42.7 

37.90 1 

15.00 

9.42 

2.9 

4.0 

104 

20 

: 4:1.1 

35.72 

8.00 : 

9.52 

5.4 

3.8 

ion 

5 1 i:!.H 

30.71 

14.35 i 

8.71 

3.1 

3.5 


^ H !()!> nro outside' rows. 

I A. \'. 


Wireworm Damage in Hamakua. 


]!y <). If SwF.ZKV. 

The ac'companyin^ cuts were taken in one of the upper fields c)f the llania- 
kua Mill C'omjiany, near the forest line. The cane was planted in Feliruary of 
1021, and the pictures were taken in the latter part of October. The thin stand 
of cane is chicily due to the wirewonns, they having" been present at the time of 
planting, and having destroyed the eyes of much of the seed that was planted. 

Wirewonns were still jiresent in the field at the time the jdintographs were 
taken, and could readily he detected by pulling uj) cane stools. 

The investigations of wirewonns hy the entomologists in the fields at dif- 
ferent times in the year, indicate that the most common species, M (}fu)crcf>l(lius 
CA\^ul, is develo])ing at various stages all of the time; that is, larvae nf various 
ages are to be found in the soil at whatever time of the year an investigation is 
made. They do not occur in distinct broods at definite times in the u'ar. Wire- 
worms collected in the field and cared for in the laboratory have grown to ma- 
turity in varying periods, some of them maturing to adult beetles all ak ng dur- 
ing successive months, even up to a year and more. The adult beetles are at- 
tracted to lights at night. It has been noticed that at some times they are much 
more abundant than at others, as, for instance, once at Ilonnkaa in the month 
of April. 

Damage similar to that shown in the photograjihs was prevalent in fields 
of l\'iauhau Sugar Plantation Com])any, and at Honokaa Sugar Comjiany, also 
last year. Much of the area planted in the spring required lO^r to 30% of re- 
planting if a full stand of cane was to be obtained. Some slight injury was 
found in a high field at Hawaiian Agricultural Company, Pahala, but the wire- 
worms there were more numerous in trash than in the cane furrow, Wirewonns 
were found very numerous in canc in Kona, but they had not caused a thin 
stand of cane in the field. They have not yet been found injurious in the cane 
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fields of the other Islands, thoiii>ii they are known to l)e i)resent i;enerall\ l)v 
the heelles lieinj^ collected in the fields and forests, and also coniiiy^j^ to li, lights, and 
tlie larvae are often found in the soil when dij^j^anj;* for them, -or are casually 
noticed when dii^^iniL; for other purposes. This species of wireworni hein^ 
notedl\ predacious on grubs and other insects in the soil and under trash, it has 
not caused injury to plants, except to sug'ar cane as above, in these few restricted 
localities. 

1 he larger wireworni ( .S nnodacfylns cinnauiouiciis ) is found much less fre- 
quently than the al)o\e species, hut in August it was found to be the most prewa- 
lent spei'ies in one of the fields at llamakua Mill Company, d'he work of this wire* 
worm is somewhat different to that of the other more common one. P»esi(ies 
Cciting an eye or two, it burrows inside and eats a good (k‘al around near tlie joint 
so that the seed is easily broken ajiart at the joints. It also burrows a good deal 
lengthwise in the seed, with the result that the seed is comjiletely destroyed and 
soon rots. 

J he work of this wireworni is shown in h'igure 4, where one seed shows 
eyes eaten out and other external injuries, and a lengthwise section of a seed 
shows burrows of the wireworni internally. This wdreworm may be distin- 
guished from the commoner one {Mouocrcpidius cxsul) by examination of the 
posterior end, wdiich is showm at in the figure. It is ])ointed, instead of being 
broad and armed wdth teeth as in M onocrepidius cxsul, wdiich is shown in Fig- 
ure 3, page 2, of the Planters' Record, XXTTI, Tuly, 1920. 

SkARC II FOR W jRFAVORM lb\R \SITES. 

\\ X. Williams and C. K. Pemberton, in the lduli])])ines and in Queensland 
respectively, have been searching the past few months for parasites, or other 
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enemies of wire worms wliich mi|[^bt seem ])racticab]e to introduce to Hawaii. 
T]) to the ])resent nothing of importance has been found, though Mr. l*enil)er- 
ton sent a mile which he found infesting wireworms in Queensland, and was 
occasionally fatal. As we have numerous species of mites here already in the 
s(dl and elsewhere, some beneficial and others detrimental, and as this one was 
not promising, it was not liberated. Mr. Pemberton also found a fungus on 
wireworms, but ai)])arently of no importance. Mr. Williams has discovered a 
parasite on a small species of wireworm in the Philippines, but we have not yet 
received any of it to experiment with. 

In literature, two or three records have been found of single cases where 
a wirewrom has been parasitized, showing that scarcely anything is known of 
such ])arasitism. One ca.se is of a parasite on a wireworm in Vermont. The 
parasite was known for a long^ time, described in 1828, and had been collected 
in Maryland, \’irginia, Georgia, Florida and Texas, indicating a wide distribu- 
tion in the rnited States, but the AT^rmont instance is the first that was known 
of its parasitic habit. If this parasite should be more fully studied, it might be 
found to be of some importance. 

Jnsrcticidks. Rei’eilwts, lvrc\ 

b.xperiments with several kinds of poi.sons and rcpellants were tried at Ho- 
nokaa, but none of them proved of value. Much experimenting has been done 
in other parts of the world, but everything that is eflfective is either too expensive 
to be applied on a field scale, or impractical for other seasons. 

One of the entomologists of the United States Ihireau of Entomology, ex- 
perimenting with sodium cyanide, has found that properly applied in the soil 
at the rate of 300 pounds per acre, it kills all the wireworms. At the same time 
it killed all of the corn plants in the field where the experiments were made. It 
was found also that even at the rate of 150 pounds to the acre all of the plants 
were killed. Tt is thus found that it cannot be apjdied where there is a growing 
crop in the field. It might be i)ossible to use this fumigant in a cane field at 
the time of planting. If it did not injure the .seed cane and did kill the wire- 
worms, it would thus serve to free the soil of wireworms for the lime and give 
the eyes time to germinate and get well .started before another infestation of 
wireworms could occur. It woukl be worth while trying this the next time cane 
is to he planted in a wireworm section. At 65 cents per pound for the sodium 
c>anide the expense, however, would be rather high for practical purj)oses. 
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Phosphates in Hawaiian Soils — The Combinations and 

Their Availability. 


A PrrliniiiKtrtf liVjxni. 


P.y W. T. 

INTRO] )L:(TI()\. 

The rule wliieh the phosphate in Hawaiian soils i)lays in the nutrition of the 
sipi;*ar cane, while assimilated to a lesser extent than nitroi^en or ])otash, is of 
considerable importance in fertilizer practices. We note from previous studies 
on our soils the ])resence of large amounts of this element, sufficient to su])])ort 
f)lant growth into an indefinite future. In spite of this fact, response is often 
obtained to jdiosphate fertilization and it is rarely omitted in the program. 

.Among the numerous fertilizer ex])eriments conducted by the Station, cer- 
tain areas have ^hown a distinct response to phosphate fertilizers, while in oth- 
ers no response was apparent. In order to add to our knowledge of the usual 
laboratory methods of studying the availability of phosphoric acid in our soils, 
an investigation of their relation to actual field tests has been made uiion several 
such experimental plots. 

AIITniODS Ob' .\XAI.VSIS Jd )R SOIL IM lOSIM 1 \ I'lLS. 

( ii:\i:RAi.. 

Methods for determining phosphates in soils may be definitely classified 
under four general headings: (1) Those for the determination of total ), 
present; { 2 ) extraction of soil with strong acids; ( 2 ) extraction with weak or- 
ganic acids; (4) extraction with water and dilute solutions of mineral acids. 

1. Methods for the determination of total Pj( include fusion with a 
mixture of sodium and potassium carbonates, with sodium carbonate* abme and 
decomposition with hydrotlouric and sulphuric or nitric acids, involving a vola- 
tilizatioti of silica as silica tetraflouride. \MiiIe the data covering the total 
in Hawaiian soils is meagre, the two latter methods have been found by exiieri- 
tnent to be admirably adajited. A simjder method has lieen perfccte{l in tlie labo- 
ratory involving fusion of the soil with sodium carbonate, extracting the com- 
pletely disintegrated fusion with water, filtering and deternlining tlie in 

the filtrate, d'he P.^Or, goes in solution as sodium phos])hate leaving liehind the 
iron and alumina. 

( )f the total P.X )., determination by the above methods their value may be 
said to be limited yet definite. It eliminates the element of speculation that has 
accompanied the proj)osal of each new solvent as to its measure of the reserve 
or available ILf'), sujiply. The methods merit a more extended aj)])lication to 
our soils. More particularly in their relation to acid soluble phosjihates. 
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2. In strong acids we have a solvent for what Hilgard referred to as the 
“zeolitic reserve." In other words they should act as a measure of the perma- 
nent i)rodiictive cai)acity of the soil Strong nitric and hydrochloric are the 
acids which have received the most study, sulphuric being only lightly consid- 
ered. I’assing over the vast accumulation of data relative to extraction by these 
acids, suffice it to say that the factor of time and strength of acid vary between 
extremely wide limits and yield equally varying results. Hydrochloric acid 
gained the most favor in the old school of agricultural chemists and was finally 
adojiled as an official method by the Association Official Agricultural Chemists. 
Idle designated strenglh was 1.115 Sj). Gr. and the lime exactly ten hours. Tt 
has been generally assumed to l)e of value in determining the reserve supply of 
virgin lands. However, the recent changes instituted by the committee of the 
.'\. ( ). A. C. on revision of methods discredits this assum])tion. The facts are 
lacking which jiermit the drawing of any line of distinction between the so-called 
reserve and acid insoluble ICO.. Strong acid extraction has therefore been 
dropj)ed as an official method by A. O. A. C. and the total IC,Cd. by fusion is 
recommended. 

Hydrochloric acid of Sp. Gr. 1.115 having been the official method over 
such an extended period it has been extensively used on local soils. These data 
may be .said to be of considerable comparative value. Strong nitric acid has, 
however, been found to yield a more comjdcle extraction and is given preference 
over hydr(*chloric in TA determinations at this Station on account of the slightly 
higher re.sult obtained thereby. Its greater value is open to quc.stion 

(3) Since it is now generally conceded that plant roots secrete no acid.s 
other than carbonic, the solvents of this class have gradually merged into class 
four and will therefore be treated with the weak acid solvents in use as a measure 
of the ‘^o-called available TAX,. Claims regarding the simulation of ])lant root 
activities have been practically dropped. 

(4) The attempt to distingni.sh betw'cen the available and non-available 
plant food i)roduced a bewildering array of solvents by means of which attempts 
have been made to measure or clas.sify that directly available to the plant. These 
include H'e citric, 1% a.spartic, 1% oxalic, numerous strengths of nitric and 
hydrochloric acid .solutions such as N/200, N/lOO, N/5, 1%, 2%, 4%, 8^/., 
ammonium citrate, 1% acetic acid, 1% NaOII, distilled water, carbon dioxide 
saturated water, each accompanied by variations in time and temj)crature of ex- 
traction. In addition, the numerous attem])ts to .separate the actual soil solution 
by centrifugal and ])ressurc methods should be mentioned. 

Tnvesp'gations on local soil ]woblems have involved the application of several 
of the above methods to Hawaiian conditions. The.sc include 1% citric acid 
which was developed by Dyer, on English soils, on the theory that its use was 
confirmed by the acidity of root sap. As])artic acio which was j^roposed by Max- 
well on the supposition that the organic acids of the soil were amido acids, and 
N/5, N/200 hydrochloric acid, N/5 nitric acid and 1% sodium hydroxide which 
have been shown to exercise a selective solvent action on the soil minerals. The 
use of distilled water has also been practiced to a limited extent and is deserving 
of a more comprehensive study, as after all the plant is primarily at the mercy 
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of the solvent power of water containing varying amounts of CO. and aided by 
certain biological activities. 

The extended use of V/o citric acid as a solvent for PoOr, in Hawaiian soils 
has resulted in the accumulation of much valuable data leading t(j its adoption 
as a means of measuring the available PoO'-. 

Dksoription oI' Samplks. 

Soil 3r>| is a sample of yellowish brown clay loam, virgin soil, from field 
22, Experiment 9, drove l^ai'in, Kauai, and gave response to reverted ])hosphate.^ 
Soils 373 and 378 are samples of a brown clay loam from Experiment (), drove 
l\arm, Kauai, which gave no response to reverted phosphate applications.- Soil 
398 is a yellow clay loam taken from Experiment 17, field 23, Kilauea Planta- 
tion, Kauai, which gave response to reverted idiosphate a])plications. Soil 403 
is a red clay loam from Experiment 2, McPirvde Plantation, which gave no re- 
s])onse to phosphates.’^ Soil 1 is a sample of brown clay loam from l^x])criment 
V, Wai])io Substation, which has given no response to idiosphates.^ Soil 2 is a 
sample of red silty soil (manganiferous ) from lexperimcnt 0, field 43, ( )ahu 
Sugar Co., giving a distinct response.^' Soil 3 represents the Makiki experiment 
]dots which do not respond to phos])hates. 

Alivniops UsKi) i\ 'Pills Work. 

The methods used in the present investigation included determination of 
total phosphoric acid by decomposing the silicates with nitric and hydrofiounc 
:icids extraction with concentrate<l nitric and hydrochloric acids by the meth 
ods in regular use at this Station: extraction with 1%> sodium hydroxide for 
five hours at the temperature of boiling water ( 1 ])art -;oil to 10 parts sol- 
vent ) : extraction with N/3 nitric acid for five hours at 40'' d. (1 part soil to 
10 parts solvent) ; extraction with citric acid by the regular wStation method. 
Several (k’terminations were made using distilled water ( 1 ])art soil to 3 jsarts 
water), but on account of the high fixing p(>wer of the soil these were not ex- 
tended. 

The results obtained by these methods are given in the following table : 


TAHLK 1.— SlIOVVINd l^E AS DKTEHMIMKI) BY SEVEN DJFFEBKNT MK’riJODS 

(Moisture free basis.) 


1 

j 

Soil 

No. 

Tot;il 

r^Or, 

By 

Con. 

ITNO;j 

By 

(Vin. 

11(4 

By 1 v; 1 
NaOH 

By 

N/5TrNO;, ^ 

By 

(Otrie 

By 

ILjO 


! 

;i75 

0.4 n 

o.:i 2 

0 . 2 s 

0.125 ! 

0.00044 

0 0020 

1 0.0O14 

No 


a 78 

0.4 S 

o.a7 

o.aa 

0.170 

1 0.00058 

o.ooa 1 


response to V 


40.') 

0.42 

o.ar. 

o.a.i ^ 

0.1 ao 

0.00121 

0.00.15 

1 

T’sO.-, 


1 

0.47 

o.ao 

o.a.s 

0.117 1 

, 0.00018 1 

! 0 . 00:14 

! 0.0007 


L 

1 


i.ia 

0.70 

0..^4) 

j 0.500 

0.1028 

o.:iii)0 


Response to 

n 

aot 


0 . 2 a 

0.11) 

0.000 

o.oooaa 

I 0.0012 



1 

aos 

0.-19 

0.10 

0.25 

0.118 

0.00052 

0.0000 


1 

1 

o 

0.2S 

0 . 1 a 

0.10 

0.048 

o.oooia 

0.0024 

0 00010 
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T’hospiiokk* Acid Soluble in Str()X(; Acids. 

In general it imy l)e said that the soils showing no response to phosphate 
fertilizers are higher in t(*lal and strong acid soluble 1 ^ 0 .. Also that the ratio 
of strong acid soluble to total is higher. It appears from the above then that 
the ratio of strong acid soluble to total P 0 O 5 is in a measure a function of its 
availability. F.xcej)tions. however, are admitted and taken for granted, 

1 'his wide variation in the ratio of total lA^^r, acid soluble has been the 
incentive of several intensive studies of the problem. Veitch,” in a series of 
analyses of Maryland soils found a variation of 4% to 100%, of the total P-Or, 
soluble in hydrochloric acid S]). Gr. 1.115, the average being 57.6%. Similar 
determinations on Virginia^ soils showed a variation of 28%) to 05%) of the total 
to be soluble in this solvent. The data in Table I indicate less variation in Ha- 
waiian ty|)es, being 44%; to 81%; (average 64%;) for hydrochloric acid soluble 
P..( and 83%. to 86% (average 64%) for nitric acid soluble PoCX.- Fry,^ 
in search of an explanation of the above, advanced two theories: (1) Either 
the P/), is j.'reseiil in the soil in coni])ounds insoluble in acids, or ( 2 ) in such 
a form as to be i)rotected from the action of the acids. The principal phos])hates 
insoluble in acids include xenotine (yttrium phosj)hate), variscite (hydrated 
aluminum i)hosi)hate) , and lazulite (hydrated iron, magneisum, aluminum phos- 
|)hate). The mineralogical analyses by the Bureau of Soils have, however, never 
shown the presence of these minerals. But examination has disclosed the pres- 
ence of acid soluble PjO-^. enclosed in quartz grains, from which he concludes 
that the latter is the principal factor. 

The results given in 'Table I ai)parently militate against sucli conclusion 
a])plying to local soils, more particularly our clay types. Less variation in ratio 
of acid soluble to total i)r'scnce of large amounts of com])aratively insolu- 

ble iron, aluminum and magnesium in the acid insoluble residue; environment 
conducive to hydration; the lower ratio of acid soluble to total PoO- in the yel- 
low soils which are in a state of greater hydration than the red clay or brown 
ty])cs ; and the higher P^O.^ content of clay and fine silt as compared to the coarser 
particles in Hawaiian soils, all point toward the ])resence of highly insoluble 
phosphate com]>onnds. 

PiioseiioKic Ac id Solimile in Dilute Mineral Acids and Alkali. 

One per cent sodium hydroxide and N/5 nitric acid have been extensively 
used as solvents for basic iron and aluminum phosphates and calcium phosphate, 
respectively. Stodflart has shown that the basic phosphates of iron (I^ufren- 
itc IT* P ()4 I'q (O Illy) and aluminum (Wavelite Al„ (() H)^. (P 04 ) 4 ) arc 

soluble in !%> sodium hydroxide at the temperature of boiling water. ITaps^^ 
found that calcium phosphate and the precipitated or normal iron and aluminum 
phosj)hates arc practically 1(X)%' soluble in N/5 nitric acid at 40° C. We have 
here then selective solvents which, allowing for the fixative properties of the soil, 
should yield information regarding the forms in which the P .3 )r, exists. 

Table T shows the preponderance of basic iron and aluminum over the cal- 
cium and normal iron and aluminum jdiosphatcs. This fact, however, merely 
confirms previous investigations on local soils. It should be noted that the 
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soils no response to phosphate fertilization are higher in soluble in 

these solvents. 

( )ther than as a measure of basic iron and aluminum i)hos])hates sodium 
hydroxide has found little ai)])1ication. That is, no attem])t has been made to 
establish a relation between results obtained l)y this solvent and field tests. On 
the other hand several of the state experiment stations have developed more or 
less comprehensive relations between the VJ)- soluble in N/5 nitric or hydro- 
chloric acids and response to r\.( )- fertilization. Peter and Averitt** at Ken- 
tucky find a close correlation between field tests and ])hosphoric acid soluble in 
N '"5 nitric acid. Snyder at the Minnesota l[x])erimcnt Statif)n, in studying 
a series of ])lots the soils of which ranged in N/5 nitric acid soluble Pm^-X-, from 
,0025^(1 to .0650%, found that all plots showing .0025 to .0083 gave a re- 
sj)onsc to ])host)hates, while in all cases above .015% no response was obtained. 
Traps at the Texas .Station concludes from ]M)t experiments that sods con- 
taining less than .0020%; f\0- soluble in N/5 nitric acid are highly deficient, 
those l)clween .002%^ and .010%. are usually deficient. Stoddart^" claims a 
res])onse to ])hosphate fertilization on Wisconsin soils showing less than .015%) 
P%);, solu])le in N/5 nitric acid. Kelley’*^ found that Indiana soils, with few 
exceptions, showing less than .01% Pofk soluble in N/5 hydrochloric acid re- 
spond to soluble phosphates. On later apjdying this solvent to Hawaiian soils 
only a trace of PoOv, soluble in N/5 hydrochloric acid was found in those soils 
gi\ ing a response of phosi)hatcs. 

PllOSiniOKK A( ID SoT.ri’.LE IN \[''( ClTKlC A( ID. 

Citric acid as a solvent for available plant food was put forth by Dyer^^ 
and has been extensively studied in England, where a more or less satisfactory 
working agreement has been established between its solvent action and field 
tests. It is not, however, assumed that 1 %> citric acid simulates any root secre- 
tion or IS an absolute measine of available P.j( C)n ap])lying intensive tests on 
knf)wn Rothamsted soils, llalP-* reached the conclusion ‘hhat no line of dis- 
tinction can be drawn between available and iifui-available compounds in the soil. 
That is, no group of compounds is always available under all conditions before 
others arc attacked.” Available Po(C, as measured by dilute acid solvents, de- 
])ends on the coefficient of solubility possessed by the acid and proportion of dif- 
ferent phosphate compounds present. Of the solvents used in his investigations 
he favored 1%; citric. T^'raps^^' has shown that the solvent action of citric 
acid is similar to that of N/5 nitric acid except that the latter is a stronger sol- 
vent for calcium phosj)hatc minerals. The preciifitalcd phosj)hates of iron, cal- 
cium, and aluminum arc practically completely soluble in both solvents, while 
the basic phos]diates are jiractically insoluble. N/5 nitric acid yields higher re- 
sults on Texas soils than 1% citric. Our results, however, confirm those of the 
Imgiish investigators, Hall and Amos, at Rothamsted, in that the citric extracts 
the more P-X^r,* 

Referring to Table I, it will be noted that in all cases a higher citrate 
soluble P.jO;-, content is noted in the .soils giving no response. Furthermore, the 
ratio of total to citrate soluble is higher, with the cxcej^tion of the highly man- 
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^^anifcrous type, sample 2. Comment on the above is reserved for further dis- 
cussion. 

As a whole the data f^iven in Table 1, coupled with the investigations of 
other experiment stations covering the various methods of measuring the P./).-, 
needs of the soil, indicate that, regardless of method or solvent used, individual 
variations from the average being admitted, higher results will be obtained on 
those soils giving no response. Jt appears from the accumulated data where this 
])roblem has been extensively investigated that a working correlation is possible 
through a judicious choice of the most suitable solvent extensively applied and 
suj)j)lemented by actual field tests. Due consideration must, however, be given 
to the complexit) of the limiting factors which influence the variations from the 
rule, some of which will be treated later. Data in Table I indicate IC' citric to 
possess advantages as a solvent admitting of its choice as such. 

In the report of the Director of this Station of January 6, T)21, a sug- 
gested correlation between citrate soluble ICO- and soil needs gives .004^^ as 
a point above which our soils are not apt to respond. 

I'ACTOKS INFLUKNCINd IM ), DlSSOlA’KD HV CITRIC \(41) 

In view of the extended period over which citric acid has been used at this 
Station and the correlation suggested as a working agreement, several factors 
which have been heretofore ignored appeared to warrant attention. What ])or“ 
tion of the citric acid is neutralized during the course of the extraction, and 
should allowance be made for this? Arc Hawaiian soils ca])able of fixing ICOr, 
when in contact with dilute acid solvents? What is the effect of repeated ex- 
tractions with citric acid? That is, what proportion of the citrate soluble P.jOr* 
is dissolved by one extraction? 

A( iniTY NfuTK \LIZK1). 

Table 11 shows the acidity neutralized by the soil bases during extraction, 
original acidity being 1 gm. jjcr 100 cc. for the citric extracts and 1.3 gm. ])er 100 
cc. (approx. N/3) for the nitric acid extracts. 


TABLE IJ. 

SHOWING KELATION BETWEEN AMOUNT OF GITKIC (OHIO. 1 (LM. FEK 100 (X^.) 
AND NITKIU (l.a GM. J’EK 100 CG.) AlUDH NEUTRALIZED IN EXTRA( 'TJON. 



No liesponse to 


1 

1 

1 

j Response to I 


Soil Numbt'r 

375 

.•(78 

405 

1 


j .364 

398 

o 

Nitric Acid jjnis. iientral- 
izotl 

o.i’aa 

0.20‘J 

0.151 

0.1 L’f 

1 

0.46fi 

0.089 

0.082 

0.1,38 

^/< 11 NO;j neutralize 1 ... 

IS.O 

15.5 

11.2 

9.;( 

' .■la.2 

' 6.8.3 

6.15 , 

10.5 

Citric Acid gms. neutral- ^ 
ized 

1 

; 0.141 

0.180 

0.676 

O.lflfi 

0..595 

. 0.372 

0.480 

0.736 

'r Citric neutralized .... 

14.4 

18.5 

69.0 

19.0 

55.8 

58.6 

49.3 

73.6 
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It will be noted that the activity of citric acid toward the soil bases exceeds 
that of nitric acid of equal strength. This offers an exjdanation of the greater 
‘solvent action toward phosphate conipomuls. Alumina, lime and manganese, 
especially the latter, are the j)rimary factors in the degree of neutralization. 

The relation between the degree of neutralization and TJ dissolved as 
given in Table 111 does not indicate any relationship of value. 


TABLK 111. 

SllOWlNtt TiKLATlON BETWEEN CITKIC AEll) N BITTHALIZED 
AND PoO- 1)1 SHOE VET). 


Soil Nunibfr ! 

;!7r. 1 

1 

a7s ! 

•jor. i 

1 1 

nf.i :u).s 

1 


</( A(*i«l Noutriqizod . . . . 

14.4 1 

1S..5 

(W.O 

i 50. s 

, oS.o 41). 

7a.() 

% C^itrip Sol. T'oO.-, .... 

O.ODUl) 

i 

().oo:u 

o.oo:i.T' 

O.OOIlli 0.21)7 

1 

().0012' O.OOOl) 

i i 

0.0022 


Ii. order to throw further light upon this (juestion, soil samj)les 1 and 2, 
representing the two extremes, were extracted with 1 citric acid in which 
allowance* was made for that neutralized. Results obtained thereby checked 
with those in which no such allowance was made. It is therefore not deemed 
necessar\ to make any allowance for the acidity neutralized by the soil bases. 
This is probably due to the low carbonate content of Hawaiian soils in that ])rac- 
ticallv none of this acid is used in neutralizing carbonates. 

Sine ICSSIVh bhxTKACTIONS. 

Hall and Amos in studying the solvent action of dilute acids on soils 
devote;! some time to an investigation of the RA)- extracted by successively at- 
tacking the soil with the solvent. In other words they desired to know what 
])ortion of the citrate soluble IbH- was removed in one extraction. h'raps 
ha^ made a similar study on Texas s(»ils using N/5 nitric acid. 

Table 1\’ gives the results obtained by three successive extractions with 1 
citric acid on soils 1 and 2. J^xtractions were made by the regular metbod, the 
soil being washed twice wdth distilled wnater betw^een extractions. 

TABLE TV. 

SHOWINi; SOLVENT ACTION i)V SIKX^ESSIVL EXTRACTIONS WITH 

CHTTtlC’, ACni). 


Ai'i.I 


S(il No. 

Noiitrnl- 

170(1 1 

T*oO-, 1 

. ” 1 

SiO. 

FcoO.j 

, > 

.P 


CiiO 

T 

1 

TO.O 1 

0.0052 

0.180 i 

0.055 

0.1 ;i2 

0.257 

0.101 

T 

T4.7 1 

0.00017 

0.005 

0.027 

0.020 ' 

0.002 

o.or; 

1 

lO.S 1 

0. 1)0001 1 

0.051) 

0.019 

0 015 

0.027 

' 0.024 

t> 

7a.4 

0.0022 

0.090 

O.T 42 j 

0.454 

1.212 1 

' 0.192 

2 

29.4 

0.00015 

0.005 

0.049 

0.145 

0.527 

0.0 10 

o 

ID.O 

o.ooooa 

0.055 

0.058 

0.0S7 

0.172 ! 

! 0.021 
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These data suggest two possibilities: either the fixing power of the soil 
is very high, or the amount of citrate soluble PoOv, is low and completely re- 
moved in one extraction, the low subsequent extraction being due to tlie highly 
insoluble form of the residual Pm0.v While there is ample proof that the latter 
is a factor of no small importance in this phenomenon, as yet we have no data 
on local soils covering fixation by the soil subsequent to solution, or in the process 
of formation of eciuilibrium between soil and solvent. Hall and Amos found 
a gradual decrease in P/.)., with successive extractions, becoming practically con- 
stant after the fifth or sixth. It is of interest to compare these results with local 
soils, in which a constant figure is obtained in two or three extractions. Thus 
the evidence indicates that, for Hawaiian soils at least, the action of P/r citric 
acid is a sim])le solvent action removing in one extraction the most soluble phos- 
phates in their entirety, exclusive of course of that' portion absorbed by the soil 
in the j)rocess of equilibrium between the soil and solvent. 

Adsorption from S( )L\'ent. 

In order to determine the amount of PoOr, fixed in the presence of dilute 
acid solvents, extractions were made in the regular manner using solvents to 
which known amounts of sodium jdiosphate were added. 

A set of preliminary determinations on soils 1, 2 and 375, using disrilled 

water, N/3 hydrochloric acid. N/5 nitric acid, 1% citric acid and sodium 
hydroxide, showed the following relation. The fixation from solvent decreased 
in the order given above. That is, it was highest in distilled waiter closely fol- 
lowed by hydrochloric and nitric acids. With citric it was considerablv less and 
very low in the i)resence of P/f sodium hydroxide. Using diiTercnt concentra- 
tions of P.( ). in the solvent it wxis showm that the total amount fixcfl by the soil 
increased with increase in l\()- present in the solvent wdiile the pcrceiit fixed 
of that ])resent w^as greatest at the least concentration, b'or example in soil 1, 
N/5 hydrochloric acid l)eing used as a solvent, wdiere .5 gram of was 

present, 100 grms. of soil fixed wdiile where .1 gram waas present 100 grams 

soil fixed . 

The results given in Table show the variation and degree of adstirption 
in the dififerent soils using 1^4 sodium hydroxide, N/5 nitric acid and l^/o citric 

acid, fhi the bottom row^ of each sub-table are given values in wdiich a correc- 

tion is made for adsorbed T\.0,. While this cannot be considered absolutely ac- 
curate, it more nearly approaches the true solubility. In these exptadments 

100 grams of soil sam])les w^re wxa'ghed in duplicate and the solvents added to 
each, one of which aliquot contained known amounts of sodium ])hosphate in 
solution. 
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TABLE V. 

SHOWING PHXATION FROM DILUTE SOLVENTS. 

1% NaO H. 


Soil No. .. 


, 

; 378 

1 405 

1 

: 3 

; ,-.64 

398 

»> 

Gins. UoOr, 
liter .... 

added per 

0.0700 

I 

0.0700 

0.0700 

1 

0.0700 

0.0700 

i 

. -'.0700 

0.0700 

0.0700 

Gins, found 

])er liter. . 

o.oasil 

*0.0360 : 0.0516 

0.0360 

0.0700 

0.0296 

0 0224 

0.0610 

Gnis. fixed 
gins, soil 

per 100 

().o:u<s 

0.0340 

1 

' 0.0184 

0.0340 


0.0104 

0.0476 

0.0090 

% fixed . . . 

• : 

50 

j 49 

26 

48 

1 

58 

68 

13 

*/v T’i>0,-> ill soil sol. in 
1% NaoJI 

0.125 

' 0.176 

0.136 

0.117 

0.566 

0.066 

0.118 

0.018 

f/i UoOr, ill 
eorrei'tion 
sorj)tion . 

soil after 

for all- 

0.187 

' 0.202 

1 

0.171 

0.168 

0.566 

0.104 

1 

0.198 

0.051 


N/5 HNO;{ 


Gins. added per 








liter 

, 0.0715 

0.0715 

0.0720 

0.0720 

0.0715 

0.0715 

0.0720 

0.0715 

Gins, found per 

liter. . , 0.0118 

0.0124 

0.0118 

0.004 1 

0.0356 ' 

0.0232 

0.0267 

0.0114 

Gins, fixed jier 100 ' 








gms. soil ... 

, 0.0597 

0.0591 

0.0602 

0.0676 

0.0359 

0.018:; 

0.015:; 

0.0601 

*/( fixe(l 

■ 8t 

83 

84 

9i 

50 

67 

o:; 

SI 

Vf ill soil 

sol. in ; 








N/5 11 NO;.. .. 

1 0.000 1 1 

0.00058 

0.00121 

0 00018 

0.1628 

o.ooo:;8 

o.oo ():;2 

o.oood:; 

N/5 11 NO;, sol. 

aficr 








eorri’etioii .. 

0.00081 

0.00106 

0.00223 

0 . 0009:1 

0.2112 

0.0006 1 

0 00052 

0.00079 


1% Citric. 


Gms. DoG-, ad<Ied [ler 






1 

1 



liter 

O.OSSO 8 

().Un59 

0 06)59 

0.0880 

0.06)59 

0.0659 1 

0 06)59 

o.ossos 

(inis, found per liter. . 
Gms. lixi'd jier 100 

0.01898 

0.0127 

0.0189 

0.02274 

0.01650 

o.ooi;; 

1 

o.oosi 

o.u.;sio 

gms. soil 

0.06910 

0.0532 

0.0170 

0.0653 i 

0.0191 

0.0616 

0.057S 

o.onios 

/r fixed 

*/( PoG-, 111 soil sol. in 

78 

81 

71 

71 


94 

8 S 

57 

D/ (dtrie 

Gitrii' soluble after 

0 0026 

0.0034 

0.00.35 

0 .( 10.34 

0..319 

0.0012 

0.0009 

0.0024 

correetion 

O.OOH) 

0.0062 

0.0060 

0.0059 

0.559 

' 0 . 002 :; 

0.0017 

o.oo:;7 

The corrected v 

allies in 

d'able 

\ Still 

show 

the relative jo'e 

dmninance nf 


basic ])!i(is])liatcs over llie normal calcinm, iron and alnniimiin comj'onnds. 

Tn view of the ready adsor])ti()n in the presence of tliese solvents as sliown 
and the increase in piT cent fixed with rblulion the tests were further c‘xteiided, 
with citric acid on soils 1 and 2, usin.e: lower concentrations of VJ),. These 
results are given in Table VI and indicate a constant fixation at lower dilutions. 
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TABLE YL 

S1I()\VIX(J KKJ.ATIOX BKTWKKN (^OXCENTHATION OF lUF, AXD DEdlfhJE 





OF FIXAT 

1 1 1 

ION. 






- 

. 


Soil 

Xo 

i 1 

1 1 

'1,1 

1 

1 

1 

- 

2 

2 

o 


Mk- 




SS.l 40.0 

122.0 

17.7 

8.2 

550.7 

SS.l ! 40.0 

1 

22.0 

17.7 

8.2 

AI«. 

PmO- foil I) a 

. .I.i.ld) 

22.7 \ 7.0 

(>..4 

2.8 

1.5 

585.5 

58.1 ^ 12.5 

6.1 

5.0 

2.4 

Alg. 

fixi'd in soil. 


' (15.4 ; .'i.’f.O 

ir>.7 

14.0 

6.7 

176.2 

50.0 1 27.5 

15.9 

12.7 

5.8 

1 

'oO- ii\(‘tl 

4(1.0 

i 74.0 1 Sli..") 

1 _ ! i 

71.5 

84.,^) 

82.0 

51.0 

57.0 1 ()8.5 

72.5 

72.0 

71.0 

1 


hi-, evident from the above that adsorption is notal)ly less in the presence 
of ]%' citric acid than \/5 nitric and hydrochloric acids. This, in part, accounts 
for the i;reater net action of the citric acid on Hawaiian soils and is a factor in 
favor of it^ use. Other factors must, however, be admitted as its i^reater solvent 
action is still a])])arent after correctin^^' for adsorbed ITO.v The conclusion then 
is evident th«it in attemiptini^^ to interpret the fertilizer needs of our sods from 
the citrate soluble IVO., not only the direct or solvent action hut also the re- 
verse (U* adsorptive action must he considered, it does not, therefore, seem pos- 
sible to establish an absolute fiji^ure to cover all the island tyi)es. Adsorption in 
Hawaiian soils is both hv^h and variable, dlie restriction of root rant^e and de- 
velo])ment with our variations in soil tyjie is an important factor in the subsist- 
ence of the cane on lesser or ji^rcatcr amounts of available VA ).. These and other 
factors admit of variaMons not discloHHl in the chemical analysis and not antici- 
[latcd by the examination of a laboratory sample. 

Let us se(‘ how this physical adsor])tion a])] lies in jU'actise. In soils 1 and 
2 we have, I showini^ .0032^^ citrate soluble ILO.^, on the unfertilized plots, 
and j^iviiye: n(' response to TLO.-, ; 2 showini;* A)022%> citrate soluble on the 

unfertilized plots, and t^ivini*' a disiinct res])onse. d'o adjacent plots in sod 1, 
reverted ])ho'>phate was ap])lied at the rate of 73 Ihs. VA per acre. To adja- 
cent pb’ts on 2, lbs. LJ).-, (from reverted phos])hate) were aiiplied with an 
additional conijiarison on other adjacent i)lots using W lbs. from acid phos- 

phate. Determinations of citrate soluble VA^- in these soils before and two 
months after fertilization gave the following interesting results. The TjO-, solu- 
ble in \Y( citric increased in soil 1 from .0044^;; to . While in soil 2 

it increased from .0040% to .00t>3^; on the reverted phosphate plots and from 
.(30339f to .()()0()H' on the acid ])hos])hate plots. The conclusion frcMii these re- 
sults apiiears inevitable that the higher adsorption by soil 1 as shown in Tables 
and \ I is the principal factor involved. These data further suggest that the 
citrate value .0022 for soil 2 more nearly re])resents the true citrate soluble 
than the value .0032 for soil 1 and illustrates the ‘‘pitfalls” these variations in- 
troduce. 


N.VrHKF. OF THK A1).S( )R1HH( )N. 

Scientists at the T>urcau of Soils,*^ U. S. Department of Agriculture, have 
recently separated, from clay soils, large quantities of soil coMoids. They have 
noted the effect of heat and alcoh.ol on their acHondive powers. 
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Jt iiiti] he of iiitiitst t(^ suhiuit, nt this jxtiiit^ ilutti covcriiii^ the cl'Icct of hait 
and aki^hol on the adsorption of l\()- by our soi/.s from citric acid soJution. 
These results merely em])hasize the role of i)h\sical adsorption hy the colloids 
in Hawaiian soils and its relation to citrate soluble l\.().v 

One hundred gram samples of soils 1 and 2 were healed at dull redness, in 
a mufilc, for one hour, thus destroying both the colloids and hydrates, 'riiese 
samples were then extracted with citric acid in the regular manner. 

The results of these analyses arc given in I'ahle \’il: 

TABLE VI 1. 

SHOVVINt; EEPE(T OF DESTROYING (COLLOIDS AND HYDRATES ON SOLVENT 

AC'TTON OP OJTRU' A( ID. 






i 

i 


SiOo 

P(‘.0.. 

1 

A 1.^0,. 

Mu ;(), 

Ciii) 

(tins. Aridity 
Nriit r;i liziMl 

oi‘ 1 Cm. 
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ddiese data clearly show the predominating infliu'nce of physical factors in 
the adsorption of 1\.(), from 1% citric acid when this acid is used as a solvent. 
'File acidity neutralized during extraction and the increased solution of bases in 
the healed soil indicate the minor role of chemical faciois. Imr example, ])re- 
cipitation as insoluble salts in the ])resence of the solvent It is of interesi to note 
the greater solution of iron, alumina, and in the heated sami)les ])roving 

the i)rescnce of the hydrated phosphates of thesc^ elements and their coinersion 
to more soluble form by destroying the hydrate. 

In view of this role of the colloids in inhibiting the complete solution of 
citrate soluble PoOr,, what eflect would the presence of substances, in the citric 
acid solution, which in themselves would lower the adsorptive ])owcr of the col- 
loids, have on the adsor])tion of WXk, Ib' the .soil from \% citric acifP'' Theo- 
retically the ])resence of alcohol in the citric acid should lower this ads()r])tion. 
With this in mind 1% citric acid in solution of varying amounts of water and 
ethyl alcohol was used as a solvent on soil 1 with the results given in d'able W]]. 

TABJ.E Vni. 

SHOWING FIXATION OF VM- FROM V/ C1TRJ(^ ACID IN PRESENT E 

OP ALCOHOL. 
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The hig^her apparent adsorption witli 50% and 25% alcoholic citric acid is 
probably due to the low solubility of phosjdiate in alcohol, in other words, pre- 
cipitation. It will be noted that in the presence of 10% alcohol the adsorption 
is at a minimum and that while the tendency is in the ‘Tight direction’' the prac- 
tical elimination of fixation in analysis does not appear probable. The figures 
given in the bottom row in Table VllI show that while fixation is lowered in 
the presence of alcohol the solvent action of the citric acid is inhibited. 

MORE COMPLETE COMPOSITION OF SOIT. EXTRACTS. 

In order to further add to our knowledge of the action of these dilute sol- 
vents on our soils analysis of the extracts was extended to include silica, iron, 
alumina, manganese, lime and magnesia. The re.sults are given in the following 
table : 

TABLE TX. 

SHOWING KKLATIVE COMPOSITION OF DJLITTK SOLVENT EXTHACTS. 

1% Citric Acid. 


d Soil ('olor. 

‘o 

m _ 

.‘175 Dark l>iowii 

Daik })rown 

405 Red 

1 Brown 

.*{ Greyish blaek 

.‘Kid Yellowish brown . . . 
.‘198 Yellow 

2 Dark red 

.‘175 Dark brown 

.'178 Dark brown 

405 Red 

1 Brown 

.'1 Greyish black 

364 Yellowish brown . . . 
398 Yellow 

2 Dark red 


375 Dark brown 

378 , Dark brown 

405 , Red 

1 Brown 

3 Greyish black 

364 ' Yellowish brown . . . 
»9S ' Yellow 

2 Dark red 
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I'hc value of 1% sodium hydroxide as a solvent for iron and aluminum 
phosphates is clearly indicated by the absence of lime in solution. Also that of 
N/5 nitric acid for the calcium phosphates by the larger amounts of this element 
in proportion to iron and aluminum soluble in this solvent. While the analyses 
do not absolutely prove such to be the case, they, however, strongly indicate the 
presence of aluminum phosphate in excess of either that of iron or calcium. 
The low solubility of iron as compared to aluminum in N/5 nitric acid is espe- 
cially noted. On the other hand the greater solvent action of 1% citric acid u])on 
iron and the lesser solvent action on alumina and lime indicate that the higher 
1\.( )- figure obtained with citric acid may be due in part to a greater solution of 
iron phosphate than when N/5 nitiic acid is used. 

While calcium phosphate is more soluble in the soil .solution than either iron 
or aluminum ])hos])hates their availability is closely related. Pot experiments^^ 
on Hawaiian soils have shown the distinct res])onse obtained on adding normal 
iron and aluminum ])hosphates to Hawaiian soils to be practically ecpial to that 
obtained on using acid phosphate. It is therefore evident that the higher figure 
obtained with 1% citric acid represents the phosphate compounds most available. 

In comparing the comf)osition of the extracts from those soils giving no 
response to PoC)., and those giving a response, the wide variation in irc'ii, alumi- 
num and manganese is noted. There is no apparent relation between these ele- 
ments and the availabilitv of P./ ).v It is, however, significant that basic \nm 
])hos])hate is higher in those soils giving no rcsj)onse. 

( )n the othe^ hand in silica, lime and mag'iiesia we note a relationship of no 
small imi)ortancc. The only variation in relative silica, lime, magnesia to avail- 
able \\< is that (T soil 2, a highly iminganiferous type, which ty])e usually shows 
a high solubility of basic constituents in dilute solvents. 

It has generally been assumed that the presence of lime aids in the rever- 
sion of soluble ])hos])hates, such as acid jdiosphatc, to the less soluble calcium 
salt in the soil. That it functions as such in Hawaiian soils is jirobably true but 
still open to (juestion. Pot ex])eriments on our red ferruginous clays have 
shown indications of its functioning to a limited extent as such. Furthermore, 
the sandy ty])e of soil in and about Honolulu ( Station soil), which may be classi- 
fied as a highly calcareous t\pe, is very high in calcium jihosphate content and 
(V)es not respond to pho.sphate fertilization. In view of the analytical results 
given in Table IX it is evident that the ])rescnce of more soluble forms of lime 
IS a factor in the availability. For further information let us refer to Pul. 45, 
A & C series this Station, and note the results obtained in the Survey of ( Island ) 
Hawaii Soils. In the Hilo-I lamakua district, citrate soluble lime is low (soils 
very acid). Citrate soluble* is also low in spite of high total P4)r,. In the 

Kau district the citrate soluble J’./)- is the highest on the island, likewise lime 
is high and soils of low acidity or alkaline. Similar relations exist in the Kohala 
district except that the lime content is not so high as in Kau, while in the Hilo- 
Puna district we note also a high citrate soluble IXf with fairly high lime. 

Wheeler-'^ found iron and aluminum phosphates, with lime, to be better 
than acid j)hosphate, basic slag and floats. Similar results have been obtained 
in Australia. Whitson^'’'’ and Stoddart^" found a low’ comparative P.^O,, con- 
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tent in acid soil?. The data submitted in Bui. 43 indicate low available T.4)-, 
to be associated with soil acidity and warrants further study. 

While the literature covering* the relation of silica or silicates to the avail- 
ability or assimilation of PJ\, is limited. Hall and Morrison-^* have jniblished 
a very comprehensive report of investigations along this line at Rothamsted, 
where sodium silicate has been ai)plied as a manure on experimental plots over 
long periods of time, and shows well marked results. It was noted thereon that 
barley grown on those plots to which silica was added closely resembled that on 
the phosjdiate jdots, especially at the ri])ening ofif stage. Idiis then led t(-) a 
study of the relation between the function of phosphates and silica with the fol- 
lowing conclusions: Although silica cannot replace l\>(^v economize 

and make more effective a restricted su])ply already within the plant, it will 
stimulate the plant to assimilate a greater amount of 1^0.-, should that be ob- 
tainable from the medium in which the plant is grovving. Hence, when ai)phc(I 
to a silica ])lant, and sugar cane may be rightly ])laced in thi^ class, on a soil 
impoverished in it has the same effect as a direct ai)])licati()n of 

They also showed by cx]K‘riment that silica has little or no effect on the solu- 
bility of PoO. in citric acid except on those plots receiving' P X )- as a manure. 
I'rom which they claim that soluble silica in the soil has no action on soil P_X b,. 

Wdth the limited information available in Table IX, it is im])raclicable to 
comment upon the local ap])lication of the above contentions of Hall and Mor- 
rison. It is hoj^ed, however, that a further study of this problem will throw some 
light upon it. The higher silica cc-ntent soluble in N/3 nitric, \[/f citric and 
sodium hydroxide, uniformly accompanies no res])onse to in all the soils 

investigated. The relation of soluble silicates to the availability of P_>( )- to sugar 
cane in our Island soils can tmly be determined by culture experiments. 

SUMMARY. 

Burgess-- has given the comj)arati\e PjO- content (strong hvdrocldoric 
acid digestion) of Hawaiian and mainland soils as .35% and .16% , res])ectively. 
In view of the higher percent of total dissolved from mainland soils the varia- 
tion in total is probably higher than this figure. While on mainland soils 

.30%. is considered a very high P.X\, content, and soils containing as low •as 
.05 to .10%) often give no res])onsc to phosphate fertilization, in attempting to 
make recommendations from comparative analyses reservation has always been 
made for any high iron and alumina content. The wide variation in P./ dis- 
solved from mainland soils by strong acids is due principally to their high silica 
content, as silicon dioxide, which under certain conditions i:)rotects a varying 
amount of PjO., from the solvent action of the acid. In Hawaiian s(dls, silica 
is present, in major part, as silicates, more easily broken down in acid digestion. 
This with other factors brought out in this investigation indicates the insoluble 
P.X_b to be present as highly insoluble compounds. On this basis the relation of 
the total P.jO. in Hawaiian soils to that soluble in strong acids, gives a certain 
amount of indication of its solubility. Without the total IbO.^ content for com- 
parison these results are of little value except where a deficiency is apparent. 

The principal phosy^hate compounds present are the basic (hydrated) phos- 



pliates of aluniinuni and iron. Results indicate the former to be in excess. 
Lesser amounts of normal jdiosphates of aluminum, iron, calcium, and possibly 
mapiehium are present. In these more soluble forms as measured by dilute 
acids, aluminum a^j;ain appears to be in excess of iron with the calcium phos- 
phate least. 

We have, in dilute citric, nitric, and hydrochloric acids em])irical solvents 
for the normal phosphates of iron, aluminum and calcium. The strength of sol- 
vent is more or less arbitrary. Within certain limits the strength and method 
of extraction once chosen, however, should be maintained. Lxtensive investi- 
gations covering the use of these soKents has re^-ulted in tlie empirical adojjtion 
of l/(; citric, N/5 nitric, and N/5 hydrochloric as the most desirable* ** solvents. 
We note in literature some investigators favoring the use of one or both of the 
mineral acids while others favor the use of citric as sliowing a more comprehen- 
sive relation to field tests 

The choice of a weak solvTiit depends more or less ujion such factors a^ 
.idsorj)tion, soil colloids, nature of the soil bases, eic. Vov Hawaiian soils IL 
citric acid as a solvent is influenced less by the adsorptive action of the soil col- 
loids and exercises a greater solvent action than the mineral acids t)f X/3 sirength. 
A.lso, it is not necessary to allow for the citric acid neutralized during the ex- 
lracti(.n and in addition successive extractions indicate a more or less constant 
value after one extraction That is, the 1^.(1-, dissolved after one extraction is 
so small as to be negligible. 

Is it then ])racticable to establish a working agreement between the citrate 
soluble LjH-, in 1 fawaiian soils and their fertilizer needs, as aj^plied to areas de- 
voted to sugar cane culttire? To say that .such is pos^ible over such extencled 
areas as the mainland of the Ihiited vStates, or even one state, the soils of which 
are planted to diversified cro])s, is admittedly absurd. We are coia'c‘rne(l in 
our case with only one crop, sugar cane, wdiich is admittcflly not a heav\ 

])hate feeder.” Maxwell,-" in a stud\ of thirteen \arielics of cane grou'n on the 
s.ime soil, under control conditions and carefully analyzed, found that the P,.0_ 
removed from the '-oil varied from 1/0 to 200 lbs. j)er acre * These results indi- 
cate either a variation in the ])ho.s]diate needs or the feeding jiowxr of these varie- 
ties. d'he lands devoted to sugar cane culture embody only the lower elevatif)ns, 
involving thereby less variation in soil type. The extent of this variation has 
not been definitely determined. The two essential factors, tlien, that stand out 
arc a knowdedge of the feeding ])owTr or ILO- needs of the standard cane varie- 
ties of the Islands and a more systematic classification of the soil types devoted 
to sugar cane culture. 

One per cent citric acid has been most extensively used at the Rothamsted 
Station in luigland, wdiere Dyer^'^ established .01' J (citrate solul)lc PjO .) as the 
limit below wdiich a pliosphate need was indicated. Hall and IdymeiO'* on ap- 
plying this to experiment plots at this same station obtained a response to PjO, 
fertilization on four plots showing .(X)87, .01, .013 and .O 2 I 9 L On a fifth they 
obtained no res])onse when .0082'r citrate soluble was shown.'' Nall, 

* Tlu'st* :nn()iiiits npjx'Jir diu* jM)ssil)lv t(» tlu^ (':nu' having hoon ^rowii at IMakiki 

plots, wi){*ro soil is oxfroinoly ricdi in ])liosj»liorii* acid. The fij;in es art* introduced to illus- 
trate existiiif^ variation. 

** Total PoO;, on these soils approx. 
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nevertheless, admitted a working agreement of considerable value, suggesting 
.02% as a minimum instead of the .01% of Dyer. It is interesting to compare 
the high total P.XOr, content of Hawaiian soils and the low citrate figure, .004%, 
which general observations have indicated as the approximate minimum for our 
soils. 

In the laboratory we find that due consideration must be allowed for the 
reverse or adsorj'tive action as well as the solvent action of 1% citric acid during 
the course of the analysis. Also that there ai)pears to be a relation between the 
calcium and soluble silicate and the assimilation of PoO.v These and other fac- 
t(<rs entering into the chemical examination of the soil with 1% citric acid do 
not allow of a thoroughly sound scientific basis on which to establish the relation 
between the 1\.0- dissolved by this solvent and the needs of the soil. Yet 

it does not preclude the j^ossibility of a practical working agreement between the 
J\,()- needs of known varieties of cane on similar soil ty])cs when bricked up l)V 
field observations. 

The chemical examination of a laboratory soil sample, regardless of the 
nature of this examination, is more or less empirical in spite of the soundness of 
its scientific basis. Variation in soil type and plants to be cropped thereon must 

need be considered. We know, for exami)le, that plants thrive on less available 
phosphate in a sandy soil than in a clay, due to their greater root range in the 
former. 

All facts considered, the reduction of probabilities to a minimum must in- 
volve a knowledge where possible of the previous ])erformanccs of the field in 
question ; otherwise the overindulgence in ])robabilities is inevitable where chem- 
ical analysis only is at hand on which to base recommendations. The proper 
balance between fertilizer, crop and soil which is essential to optimum growing 
conditions cannot be determined through a knowledge of one factor alone. 
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Collapsed Boiler Tubes. ^ 


All instance of the peculiarities attencline^ boiler accidents came to the au- 
thor's attention last year when he had occasion to make an internal insjiection 
of a horizontal return tubular boiler, which was found showing evidence that 
the water in the boiler had at some time been allowed to reach a low level. Gen- 
erally sj'eaking, to allow the water in a steam boiler to fall below a ju'edeter- 
mined safe working level causes the exposed tube ends and seams to leak, and 
it is not unusual to find it possible to have the boiler jdaced again in a serviceable 
condition by expanding the tube ends and caulking the seams to make them tight. 

The boiler mentioned in this article was su])])lied with feed water by direct 
connection with the pressure main. The operator had various duties to perform, 
U‘(|uiring periodic absence from the steam jdant, and due to the practically un- 
varying load on the boiler, found it po.ssible to adjust the feed water valve and 
the oil l)urner to maintain a fairly constant water level and steam pressure. Dur- 
ing a tem])orary absence of the o{)erator, the water in the main was shut oflf 
without jirevious warning, due to ncces.sary repair to the water su])i)ly system, 
and when the attendant returned to the boiler he found no water in sight in the 
gauge glass, and a test of the feed connection showed no water jiressure in the 
sup])ly pil)C. 

ddie boiler was shut down and it was found that the water had fallen to a 
ji'jint about 18 inches ab<we +hp tiotiom of the sb.ell, A gre.d nn^\v of the tubes 
were thereffire found not covered with water and, of course, leaked considerably, 
the rear head seam also requiring to be caulked tight. U]> to this point the pro- 
ceeding is what may be termed “regular," but when 17 of the tubes were found 
colla])sed, some partially and others totally, a condition arose that was “irregu- 
lar," as it is not common to find tubes collapsed in cases of low water. 

The collapse in this instance appears to be attributable to the fact that con- 
siderable soot had collected in some of the tubes and caught fire, causing over- 
heating of the metal and reducing its power of resistance to a ])oint where col- 
lapse was possible. Many of the tubes were badly buckled, 40 requiring re- 
newal. These, together with the 17 that collapsed, represent a repair cost of 
considerable size, the tubes being 3 inches in diameter and 16 feet long. The 
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acconipanyin^;^ photograph will prove interesting; in showing- the extent of col- 
lapse and to what degree some of the tubes were buckled. 

In many accidents there are revealed ways and means by which their pre- 
vention would be effected, and in this ease, if the feed water had been supplied 
by a ])um]) in conjunction with a storage tank, it is quite possible that the con- 
dition brought about would not have occurred. 



( and buckled tubrs rrsultiiifj from low water. 


Prolonged absence of an operator from an active boiler is to be looked on 
with much disfavor, not being conducive to its safe operation and contrary to 
the i)rinciple of “^Safety First.” In some states and municipalities the length of 
time which a boiler may be left without an attendant is fixed by statutes and 
ordinances, as it is recognized that a boiler under steam pressure re])resents a 
potential hazard. [W. K. S.] 


The Origin of New Canes by Bud Variation. 


By C. A. Bakher. 


This is another article pertaimng to the general subject of improving sugar 
cane through selection. It zms published originally in the Agrieultural Journal 


of India and 7i'as reprinted by the International Sugar Journal in 1907. All of 
this early z<<'ork is important for the bearUuj that it has upon the project of bud 
selection in its present stage of development. Observations covering color varia- 
tions in canc go back to the days of Charles IJarzoin. 

Other papers of tins character zvill be published front time to time in an 
attempt to make a reviezv of this zoork up to the present time, zohen it attains 
much commercial significance zvhen reduced to the zvorking basis of selecting 
canc stools based upon their .s'/rr, uniformity, and number of sticks. 


One of the most striking facts connected witli sugar cane cultivation is the 
enormous numher of varieties which, thougli easily sei)aral)le, have the greatest 
l)otanical similarity. It is frecjuently possible to distinguish two varieties with- 
out being able to jmt down clearly wherein the difference between them exists, 
d'he difiference may be in the form of the joint, in the tinge of color, in the habit 
of the ])lant in the field, in its thickness or height, in the richness of the juice 
c‘X])ressed. Again, with no external differences at all, there may be such a dif- 
ference in constitution that, whereas one cane grows clean and health}' and yields 
a certain crop, the other is swei)t out of the fields by disease. 

Even after i)rolonged study it is difficult to decide how all these varieties 
have arisen, d'here is no doubt as to the ancient character of sugar cane culti- 
vation. \\diile it is probable that the cane was first cultivated in a certain .Vsiatic 
I'egion, yet nowhere can we lay our hands on a Saccharum, now wild, which 
])resents any probability of being the j)rogenitor of the cultivated forms. 1'he 
matter is not rendered easier by observing how peculiarly susceptible the sugar 
cane is to any change in its environment. We cannot tell beforehand in what 
direction changes are likely to occur, but certain it is that if two canes are taken 
from one i)art of the country to another, their characters under the new condi- 
tion differ, whether in color, form, or sugar-making j)ropertics. The i)et cane 
of one region (piickly assumes a \ erv second rate character in another, being left 
behind by a canc which could in no way be considered its rival in the land of its 
origin. Some im])rove in their juice and others deteriorate, some change their 
color and others do not, while some really good canes dwindle to the size of the 
local ‘‘reeds’^ which are everywhere to be found where sugar cane has long been 
cultivated. 

With these obvious facts before us, there is an entire absence of a good ctni- 
nected series of ol)servations, and we have to confess that we know next to noth- 
ing as to the way in which the countless varieties of sugar cane at the present day 
have arisen. 

From this point of view a study of the striped canes, or those which have 
two main colors alternating in their stems, ap])ears most likely to lead to interest- 
ing results. And the first subject for investigation is to try to find out how these 
varieties have arisen. 

In all likelihood the yellow or green canes were the first obtained and culti- 
vated, and the others arose as subsequent varieties. The assumption of a red 
color by the rind of plants under cultivation is by no means an uncommon phe- 
nomenon. The striped canes would probably be the last formed, and there is 
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some reason for supposing that each striped cane has for its parents two canes, 
a red and a yellow one. Such striped canes may have arisen in several ways. 
Firstly by seminal crossing. While seedling canes appear to be very rare in 
India, they are not at all uncommon in certain tropical islands; and it is fair 
to assume that in past times this seminal reproduction was much commoner than 
it is at present. The practice of growing canes of different varieties in the same 
field is probably very ancient, and we have a ready means by which the striped 
canes may have originated. That they have arisen late, among canes already 
cultivated, appears to be also probable from the fact that the striped canes as a 
whole are ones of good character from the milling point of view, and while there 
are numerous yellow and less frequently red canes of a reed-like primitive nature, 
.such canes are hardly ever striped. But there is just sufficient evidence to ren- 
der it possible that these striped canes have arisen from the apposition of two 
canes of different colors by natural grafting, and it is possible that some at least 
of the striped canes are in reality graft-hybrids. The general absence of grafts 
among monocotyledons renders this less likely but not impossible, and exliaustive 
experiments are called for to determine whether we may not by this method hope 
to raise new varieties. But the strongest argument in favor of the origin of 
striped canes from parents of two different colors is the not infretiuent reversion 
of these varieties into canes of .single colors. Such “sports” are by no means 
infrequent and form the subject of the present paper. 

It is a mailer of common knowledge among the Godavari ryots that in a 
field of Namalu (striped red and yellow) canes, sooner or later the number of 
Keli (yellow) canes increases. And when we take the Namalu and Keli canes 
and compare them from a botanical and chemical standpoint, it is difficult to find 
any real difference between them excepting in their color. There is then a strong 
prc.sumption that the Keli is a natural sport from the Namalu. And it may be 
at once asserted that the tendency in the striped canes is always to produce yel- 
low rather than red sports, a fact which seems natural when we consider that the 
yellow canes are probably the older and nearer to the original cane of the primi- 
tive cultivation. 

The following canes have been noted in the short life of the .Samalkota 
Sugar Station in the Godavari district. The cane known there as the “Striped 
Mauritius” has been seen frequently to sport into green canes and less often into 
canes of a pure red. There are now good plots of all these canes, and they have 
been submitted to analysis for two years. There is no doubt that the three canes 
have sufficient differences, besides their color, in the richness of their juice and 
in their habit of growth, to constitute well-marked varieties in the ordinary sense 
of the term. It is quite in accord with what has been suggested above, that the 
green is the hardier, bunches more readily, and has inferior juice ; that the red 
cane, on the other hand, is little inferior, if indeed it is not superior, to the striped, 
which otherwise holds an intermediate position between the other two. 

The thick striped cane, called on the farm the “Dark Striped Mauritius.” 
has also been identified as the parent of the yellow “Ivory Mauritius,” but no 
red cane has yet been obtained from it. The long striped cane obtained from 
various parts of South India, called by some the “Striped Singapore,” has sported 
into both red and yellow, but the characters of these have not yet been deter- 
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mined. Finally, the striped cane growing in Abraham Paudither’s garden at 
Tan j ore (which cane may be identical with the last named) has given rise to a 
new ashy cane which appears to be well worth cultivating. 

This mode of origin of new cane varieties has been termed '‘Bud-variation.’’ 
After observing the facts described above on the farm at Samalkota three years 
ago, my attention was drawn to an article in the West Indian Agricultural Bul- 
letin, where the subject was exhaustively dealt with. No analyses were, how- 
ever, published of the different canes arising from bud-variation. As in the cases 
noted above, it was always a striped cane which showed this phenomenon in the 
West Indies, Louisiana, and Mauritius. It is worthy of note that this bud-varia- 
tion does not consist in certain buds growing out to form new canes orf one color, 
but isolated buds show variability and give rise to shoots of different colors, 
sometimes, indeed, to a shoot whose base is striped, but which becomes yellow 
in its upper part. The idea that a bud in the red part of a striped cane gives 
rise to a red cane, whereas one in the yellow part produces a yellow, is apparently 
not correct. The canes thus arising appear to retain their characters, and have 
remained constant for three or four years already. 

Now this fact, that the striped canes have alone been observed to ‘‘sport,” 
may be explained in two ways. On the one hand they may be true hybrids which 
have arisen from the crossing of the two one-colored canes, and consequently may 
have a greater tendency to vary than the one-colored canes. But on the other 
hand the frequency of the phenomenon in striped canes may be due to the fact 
that, while such changes in color are very readily seen in them, they would re- 
(juire very careful observation in the case of ordinary canes. And I think that 
the latter is more likely to be the explanation. If such is the case, it behooves 
ns to study our fields with much greater care than heretofore. Whenever, in a 
uniform field, canes appear which show any marlced differences from the rest, 
they should be carefully segregated, cultivated, and analyzed. A certain amount 
of work has been done in this direction at Samalkota, but the results thus far ob- 
tained have not been satisfactory. Chance differences which have been observed 
have not been maintained. But this is no reason why the subject should be 
dropped, and observations will be continued as opportunity offers. 

With reference to the Striped Mauritius and its “Sports,” the more impor 
tart figures in the two years’ analyses have been reproduced in the table. The 
Green Sports may be classed as a cane distinctly inferior to the other two, where- 
as the Ivory appears to be distinctly better than the Dark Striped. The Red 
Sports during the first year showed such good results that it was thought that a 
new cane of great value had been discovered. It was accordingly named the 
“Gillman,” after the Collector of Vizianagram, through whose energy and fore- 
thought these Mauritius canes had been introduced into Madras. Tlicse canes and 
others obtained in the future will be multiplied, and, in due course, valued and 
added to those on the farm, or rejected, according as they turn out. 
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ANALYSIS OP STRIPED CANES AND SPORTS IN THE GOVERNMENT SUGAR 

CANE FARM, SAMALKOTA. 


Varieties 

Juice 

Bagasse: 
Per ('eut 
Obtained 

Crushing 

Corr. 

Brix 

Per (^erit 

Sucrose 

C. P. 

Per Cent 
Glucose 

Striped Mauritius, 

1904-05. . 

20.44 

19.33 

94.57 

0.30 

37.23 

i ( it 

1905-06. . 

21..31 

19.94 

93.57 I 

0.67 

37.53 

Oreen Sports, 

1904-05. . 

20.29 

18.66 

91.96 

0.60 

33.92 

a it 

1905-06. . 

18.57 

16.61 

99.45 

0.93 

34.79 

Red Sports, 

1904-05.. 

21.35 

20.23 

94.75 i 

0.30 

39.67 

it a 

1905-06. . i 

20.16 

18.88 

93.65 

0.67 

34.48 

Dark Striped Mauritius, 

1904-05. . 

17.06 

13.98 

81.94 

1.54 

36.87 

t i a it 

1905-06. . 

16.98 

13.95 

82.15 

1.95 

36.86 

Ivory Mauritius, 

1904-05. . 

18.67 

16.11 

86.29 

0.75 

38.96 

i ( t i 

1905-06. . 

17.87 

15.37 

86.01 

1.34 

40.41 


The Sugar Industry in Java.* 


As seen by the Indian Sugar Committee, 

It is a curious fact that, although masses of detail are published every year 
about the Java sugar industry, there are few countries about which more con- 
tradictory statements are served up by journals dealing with sugar matters. And 
these statements refer to the most varying factors, such as the relative fertility 
of the soil, the relations between the planters, the Government and the land-own- 
ers, and even the production of sugar in any one year. It may be that this con- 
fusion is partly due to the presentation of the information in the Dutch language, 
which has its own peculiar difficulties to the English or American reader; but, 
whatever the cause may be, any first-hand description of the industry of an au- 
thoritative nature is likely to be welcome. We have therefore thought it worth 
while to place before our readers a summary of some of the points in the second 
chapter of the Report of the Indian Sugar Committee, which contains a careful 
account of their observations during a month’s stay in the island. As the Dutch 
Government and the planting community appear to have given them every fa- 
cility for forming just views as to the state of affairs in the sugar industry, we 
may with some show of reason regard this account as more or less of an authori- 
tative nature. 

It may be well at the outset to explain that the sugar factory and plantation 
in Java are under one head, and that the mill and the cane fields work in com- 
plete accord. Further, whatever may have been the case in the past, the sugar 


The International Sugar Journal, September, 1921. 
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industry is entirely self-contained as regards all investigations for the improve- 
ment of cultivation and manufacture. The entire cost of all the complicated 
machinery for carrying out these investigations is borne by the industry, by 
means of voluntary cesses on acreage of cane, amounting at the time when the 
report was written to about 6s. per acre planted ; and the expenditure for research 
alone during 1919-20 reached the sum of 1,200,000 guilders or £105,000. No 
help was obtained from Government, whose experimental stations are mainly, if 
not entirely, concerned with crops other than sugar cane. 

It is generally recognized that the success of the Java sugar industry dur- 
ing recent years has been mainly due to the intricate organization for the solu- 
tion of the many difficulties which occur in all cane-growing countries, and of 
which Java has had its full share. This organization will accordingly be dealt 
with in this note in some detail, especially as it is entirely built up by an industry 
as contrasted with a Government, with all the attendant directness of view and 
practical nature. And it is none the less surprising that nowhere in the sugar 
world is a higher value placed on the work of pure as well as applied science. 
This we have, during a long experience, come to regard as a characteristic fea- 
ture of the Dutch, namely, a great appreciation of the value of modern scientific 
work, coupled with a peculiar capacity for the practical application of the re- 
sults obtained. 

For the administration of the affairs of the industry as a whole, at any rate 
those factories which have agreed to pay the cesses, two main bodies have been 
called into existence, a General Syndicate of Sugar Manufacturers and a Re- 
search Station Association. The General Syndicate, with headquarters at 
Soerabaia, is maintained by a cess of 1.25 guilders per bouw (the guilder = 
Is. 8d., and the bouw — h}4 acres), up to a limit of 1750 bouws under one con- 
trol. Its sphere of action is of an economic and political nature, and its forms 
a channel through which its members can make their influence felt by the Gov- 
ernment, as to the relations between factories and land-owners, the levying of 
export duties, and matters of similar nature. The functions of the Syndicate 
are divided l)etween three separate bodies, the General Assembly of Members, a 
Council, and a Board. The Assembly usually meets twice a year (although spe- 
cial meetings may be called), and its main work is the fixing of the annual con- 
tribution by the members, passing the accounts, and sanctioning the budget. The 
Council is a purely advisory body, but from the nature of its constitution (men* 
tioned below) it has great influence with the Board, which is the main execu- 
tive body. The Board usually meets once a month, under a president who has 
large powers for the transaction of ordinary business between the meetings, and 
is assisted by a permanent paid staff. Half of the members of the Board are 
nominated by the Council and the other half selected by the Assembly, which 
also appoints the president. For keeping in touch with all the factories which 
are members of the Syndicate, the island is divided into 16 sections, which more 
or less correspond with the Government administrative divisions, and each of 
these sections has a local Board, whose chairman is always the manager of a 
factory within its limits. It is the 16 chairmen of these local Boards who form 
the Council of the Syndicate, as well as the Council of the Research Association 
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to be referred to later. Thus, all parts of the industry are fully represented in 
the management of affairs. 

The Research Association, which appears to have a similar constitu- 
tion to the General Syndicate, deals with agricultural and manufacturing 
matters, and has, as is natural, a more complicated network of sub-divisions. 
Under the executive Board there are three independent departments: Agricul- 
tural, with headquarters at Pasoeroean, and Chemical and Engineering at Sema- 
rang. It will be necessary briefly to consider the work of each of these. The 
funds of the Association are derived from a cess of 4^ guilders per buow under 
cane, with an additional l^alf guilder where a “group adviser” is employed (as 
detailed below), making a total of 5 guilders per buow, up to the limit of 1750 
buows under one factory as before. 

The Aoricui.tural Department. To the buildings at Pasoeroean a farm 
of 25 bouws is attached, for the use of workers in the various sections, 
with the novel condition that the land is rented season by season, just as 
is the case with factory lands. There is also a sub-station at Cheribon, in West 
Java. There are a director, assistant director, and secretary, and scientific head.s 
of the follo\ying sections: Physiology, agro-geology (including the chemical 
analysis of soils) , cane-breeding, bacteriology, statistics, and field experiments. 
Formerly there were also entomological and mycological officers, but these have 
been abolished as no langer needed, because of the successful control of pests 
and diseases by efficient cultivation. Broadly speaking, the work of the depart- 
ments is concentrated on seeing that the right kind of cane is grown on the right 
soil, the evolution of hardy and heavy yielding varieties of cane, and the elimina- 
tion of disease by proper control. The most important investigation at present 
being carried out is on varieties, but much is also being done on the testing of 
seed from different sources (e. g., hill and plains nurseries), reduction of sets 
per acre, depth of planting, width of rows, possibility of replacing sulphate of 
ammonia by some other manure, the amount of nitrogen needed per bouw for 
ever}' field, the necessity or otherwise of phosphatic manures, the best time of 
applying manures, the use of waste products, etc. In order to keep the work 
at Pasoeroean available for the plantations, a special set of touring officers is 
attached tc the section of field experiments. There are at present about 11 of 
these, and each has from 10 to 20 factories in his circle. They communicate the 
Pasoeroean results to the managers, and are consulted by them as to varieties, 
diseases, etc., and are therefore termed “group advisers.” They collect informa- 
tion for the heads of sections, inake soil surveys and a soil map of all plantations 
employing them, and conduct on the average one experiment each year on every 
estate which is willing to bear the cost. This is usually readily conceded, as the 
experiments are almost invariably financially profitable. 

The Chemical and Engineering Department are stationed at Sema- 
rang, and are under a joint head who is a vice-president of the Research 
Association. Each has its own director and secretary. The Chemical Depart- 
ment has two sections, one of which deals with purely scientific matter, analyses, 
etc., while the other deals with technical- research and chemical control in fac- 
tories. The Engineering Department has also two sections, the first having four 
sub-sections, namely, consulting, technical research, mill control, and office, while 
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the second is purely electrical. The heads of these sections and sub-sections are 
recruited from the Technical School at Delft. Among the subjects at present 
being worked out are briquetting of bagasse, behavior of bagasse under pressure, 
the best methods of taking samples for mill work, the best methods of driving 
mills by electricity, and so on. The two departments publish fortnightly figures 
of the working of the factories on the chemical and engineering sides, and pre- 
pare a complete synopsis of the season's results. As the officers constantly visit 
the factories, there are no group advisers. 

Relation Between the Factories and the Land-owners. The ar- 
rangements arc a survival of the culture system of Governor Van Der 
Bosch a century ago, all compulsion having long ceased ; and the success 
of the industry is largely dependent on the agricultural control of the land 
by the factories during the term of their lease. No non-native can acquire land 
in Java from a native, and the longest lease is therefore fixed at 2D/ years, al- 
though it is usually much shorter, namely, for the time required to grow one 
crop of canes, roughly a year and a half. Rent is fixed at a figure supposed to 
equal the profit which could be obtained from one crop of rice and two dry crops, 
which could be raised in the time, and is subject to revision every five years. 
The minimum rent as fixed by Government is now about 60 guilders per bouw 
per annum, or 90 guilders for the season; besides this, from 2 to 7'/> guilders 
are paid for returning the land to its normal condition for a rice crop. Compe- 
tition between factories for the land is impossible, for they have to be licensed 
by Government and are not allowed to interfere with one another or with the 
food growing needs of the people. For safeguarding the latter not more than 
one-third of the land in any village may be leased. New licenses are now very 
rare and the number of factories in Java has for some time been practically sta- 
tionary. ' 

Cultivation. The most interesting of the methods emjiloyed by Java is 
that of jirocuring sets for planting. These are obtained from three sources: 
hill nurseries (1000-3000 ft.), plains nurseries and tops of the crop cut on the 
])lantations ; and owing to the great cost of the first, the tendency is to increase 
the second source, the nurseries either being off the estate but at a lower level, 
or even on the estate itself. In both kinds of nurseries no cane is liarvested, but 
the plants are cut up after six months’ growth, producing two to three sets each 
stalk. In the plains nurseries another method is also emjdoyed, only the top being 
cut off and the remainder being left to grow for a further 10-45 days, after which 
the whole is cut up: each set then has one or two young shoots whose leaves are 
trimmed to prevent evaporation. These shooting sets are termed ''rajoenf^ans* 
and are used for middle and later sowings. They arc only produced on factory 
lands, as they cannot be transported far. Some sets are always obtained ea(‘h 
year from the hill nurseries, the average for most of Java in 1918 Iicing 35 per cent 
hills ; 31 per cent plains ; 34 per cent tops ; while in Djokjakarta, where the climate 
is favorable, the figures were 4 per cent, 66 per cent, and 30 per cent, respectively. 
The quantity of hill sets required for one bouw in 1919 was 33/>-4j'j tons, cost- 
ing 93 guilders per bouw (66s. per acre), against 40 guilders per acre (30s. 8d. 
per acre) for plain sets. The method of nurseries permits of very rapid multi- 
plication of new varieties, as this is at the rate of eight times in six months, or 
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4096 times in two years. With the preliminary period of testing at Pasoeroean, 
which is severe and lasts two or three years, it takes a minimum of five years 
for a new variety to be extended over 5000-6000 bouws. 

An interesting table is given of the changes which have taken place in the 
varieties grown in 1912, 1919 and 1920. The most marked feature is the diminu- 
tion of 100 P. O. J. and 247 B (the correct naming of J 247). The increases 
have been in E. K. 28, D. L. 52 and, to a less extent, in E. K. 2, none of which 
is found in the 1912 list. 

The laying out of the cane field in Java after rice is comparatively well 
known and is left out here for want of space. It may be mentioned that the 
rate of converting the sodden paddy land into friable sugar cane soil appears to 
be little less than miraculous, and seems to be due to the fact that the soil in 
Java sugar estates does not suffer by being worked wet, but as soon as it dries 
it becomes friable and well aired. The preparation commences as the paddy 
harvest is being reaped, and as much as 50 per cent of the trenches and furrows 
on a 3000-acre estate is completed by the time that the paddy is completely cut. 
After the furrows and trenches have been finished, the land is left to air for five 
or six weeks before planting commences. Cultivation is almost entirely done 
by hand labor, and this alone will preclude any other country from following the 
system, even if its soil will bear such drastic treatment. Water for irrigation is 
almost always sparse and the greatset care is necessary to avoid w^aste: the sets 
are never flooded, but merely splashed at frequent intervals when recently 
planted, a proceeding again demonstrating a good labor supply. 

Ammonium sulphate is the manure most used, there being usually two doses 
at three and seven weeks from planting; the manure is placed in small holes on 
oj^posite sides of the young plants and covered over. The economic optimum 
worked out at Pasoeroean is 400 lbs. per acre (80 lbs. N.)„ but many factories 
have worked out their own optima, and in some cases have found it to be as 
much as 550 lbs., in which case the manure is applied in three doses, at three, 
seven, and elevent weeks from planting. Occasionally phosphates are given, but 
potash is not needed, and these elements appear to be added to the soil in suffi- 
cient quantity by the water irrigating the paddy crop. A case is noted of a dry, 
coarse, sandy land, where 1500-2250 lbs. of molasses per acre gave useful re- 
sults by improving the water-holding capacity of the soil. 

Details are given in a table of the cost of production of cane, and this is 
compared with that on two of the chief experimental stations in India. The 
cost of cane at the factory in Java, on 177 plantations, in 1918 worked out at 
4.63 annas (or pence) per standard Indian maund (about 82 lbs.), or one anna 
less than the Indian examples, which, however, were obviously not strictly com- 
parable.^ 

Supervision. This is wholly in the hands of Europeans, whether in fields 
or factory, and imuch of the efficiency in the industry is undoubtedly due 
to this fact. An important part of the European staff is recruited in Holland, 

1 In Chapter II of the Beport, the rupee is taken for convenience as the exact equiva- 
lent of the guilder, that is at Is. 8d. On this basis, 4.63 annas equal 5.9 pence. With 
the rupee at Is. 4d., as it is at present, the anna exactly equals the penny. 
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and many of them are graduates of the Agricultural High School at Wageningen 
or of the Technical High School at Delft. Wherever possible young chemists 
are employed in the factories for three or four years and then offered posts as 
assistant managers, and the chance of being promoted to factory managers de- 
pends on their ability to master the agricultural side. The Research Station 
officers, not being Government officials, are interchangeable with those of the 
factories. An important feature is the great importance attached to the posses- 
sions by all higher officials in a factory, whether chemists or engineers, of a 
knowledge of all branches of factory and plantation work. The average number 
of Europeans on an estate (factory and plantation) of 1200 bouws (2100 acres) 
is 20. 

Factory Work. The sugar factories in Java are up-to-date, roomy and 
efficient. They are 186 in number, and of these returns are available from 
138 to 145, though engineering details are only available from 77 to 100. Crush- 
ing lasts from May to October, with slight variations from these dates in certain 
districts: the average length of season is 126 days, or just over four months. 
The canes are brought from the fields in 6-8 ton trucks, which are run along- 
side the carrier: the contents are hoisted bodily by electric cranes to a sloping 
platform, from which they are conveyed to a carrier by means of a mechanical 
rake. Of 77 factories, there are eight with 14-roller mills, eleven 12-roller, 
twenty-four 11-roller, thirty-three 9-roller, and only one 8-roller. 

The sugar house processes are ordinary defecation (lime), sulphitation (lime 
and sulphurous acid), and carbonatation (lime and carbonic acid) ; and, in 1919, 
the proportion of these in the factories were 49 per cent, 38 per cent, and 13 per 
cent, respectively. Careful boiling and A'acuum pan work, together with slow 
cooling in the crystallizers has, in Java, secured a high yield of sugar and a re- 
duction in the quantity of molasses. The largest factory in Java produced, in 
1918, 44,386 tons of sugar, and its progress from 1915 to 1918 is shown in a 
table from which the following is taken: The cane crushed rose from 362,077 
tons to 407,955 ; the sugar produced from 24,332 tons to 44,386 ; the parts sucrose 
in 100 cane from 9.0 to 12.76; the parts sugar obtained per 100 cane from 6.72 
to 10.88 ; and the sugar lost or left in the molasses in 100 cane was reduced from 
2 . 28 parts to 1 . 88. 

“It will be observed,” the Committee remarks, “that the cane worked up in 
1918 was so much better than that of 1915 and the efficiency of the factory had 
so much improved that, although only 12.7 per cent more cane was crushed 
82.4 per cent more sugar was produced.” An interesting indication of the prog- 
ress made in the workings of the Java factories as a whole is shown in another 
table, where averages are given of returns from 138 to 143 factories during the 
same years, the improvement being steadily progressive under each heading from 
year to year. The fiber was reduced from 13.26 to 12.99 per 100 parts of cane 
and the parts sucrose increased from 11.63 to 13.63; the purity of the mixed 
juice rose from 82.0 to 86.5, while the parts glucose per 100 mixed juice fell 
from 1.32 to 1.0; the purity of the clarified juice ro.se from 83.5 to 87.9; the 
parts sugar obtained per 100 parts cane rose from 9.36 to 11.32 and the parts 
molasses fell from 3.28 to 2.78 (2.73 in 1917) ; the number of factories working 



with cane with 13 parts or more of sucrose per 100 cane rose from 8 to 102 (or 
5.80 per cent to 71.33 per cent), and the number of factories working on cane 
with 10 parts or less sucrose per 100 cane fell from 10 to 0. 

Labor. The matter of labor is simplified by the denseness of the popula- 
tions. Java, with 50,000 square miles of area, has some 34 millions of people. 
The labor is entirely voluntary and the present rates are 8 annas for men, 5)4 
for women, and 4 annas for children. Hence the land-owners secure a reason- 
able rent for their land together with sufficient continuous employment to yield 
an income equal to that which they would have got if they cultivated the land 
themselves ; and those who cultivate their own lands have a market for their 
labor during the milling season. In the factory the skilled labor is usually in 
the hands of the Chinese, who receive 10 as. to Rs 2 per day, while the un- 
skilled labor is supplied by Javanese at 7)4 to 9 annas. 

The Committee concludes this chapter on Java as follows; “Whilst there 
can be no doubt that, as the result of the traditions of the forced culture system, 
the Java sugar industrj' has had exceptional advantages in securing land and 
labor for cane production, it is equally unquestionable that these alone would not 
have been sufficient to ensure it the commanding position it at present holds. 
This has been secured by an admirable organization for mutual assistance in all 
directions, above all in regard to research, generous expenditure in which it is 
recognized to be a most profitable investment, and by the adoption of methods 
of cultivation and manufacture on which it would be difficult to improve, carried 
out under highly trained and well paid supervision. The sugar industry in Java 
was certainly not in a more favorable position for commanding land and labor 
in 1918 than in 1894, but whereas the outturn of sugar in^ 1894 was 2.81 tons 
per acre, in 1918 it was 4.34 tons. In 1919 it fell to 3.86 tons, but, owing to 
prolonged drought, the circumstances of the latter year were exceptional. The 
result is, as Mr. Keatinge, Director of Agriculture in Bombay, stated in 1914, 
that Java sugar dominates the Eastern markets, and that not only is the industry 
able to dispense with any protection, subsidy or assistance from Government, but 
it successfully forces its way through hostile tariffs and pays high dividends on 
invested capital. 

“We have endeavored to give as accurate a picture as possible of the present 
conditions of the Java sugar industry. It must, however, be remarked in con- 
clusion that many of the conditions are undergoing rapid and material change. 
Costs of both cultivation and manufacture are rising, labor difficulties are in- 
creasingly felt, and political developments threaten to affect the hitherto amicable 
relations between the factories and the land-owners. The industry is thus not 
entirely secure in the position it has so successfully established, and its difficulties 
and problems appear likely to multiply rather than to diminish in the years that 
lie before it.” [J. A. V.] 
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Annual Synopsis of Mill Data 1921. 


By W. R. McAllep. 

Data from 40 factories appear in this Synopsis. But one factory in the 
Association did not report. This omission does not affect the averages, as the 
sugar produced at this factory was less than 0.2% of the total crop. This 
Synopsis does fall short of representing the 1921 crop, however, because the 
harvest has been prolonged. Six factories only had finished grinding on Octo- 
ber 1, the latest date on which reports for this Synopsis could be made. Fif- 
teen per cent of the crop was still unground on this date. 

The general arrangement of the large tables is the same as in the last three 
or four years, the factories being listed in the order of the size of the crop, taking 
as a basis the average of the preceding five seasons. The first of the large tables 
contains the analytical data, losses, recoveries, etc. True averages, together with 
the averages for the preceding nine seasons, also appear. The second and third 
of the large tables are compiled so that engineers may have details of the settings, 
grooving, speed, etc., of all of the factories. The second table is a compilation 
of knife, roller and returner bar data, speed of the rollers and pressure. Sur- 
face and juice grooving in use this season appear in the third table. 

Varieties of Cane, 

The proportion of the principal varieties of cane ground at the different 
factories and true averages for the preceding three seasons appear in Table 1. 

The tonnage of Lahaina has decreased till it now holds second place by a 
narrow margin. One-half of the factories ground H 109 in quantities amount- 
ing to V/c or more of their crop. The tonnage of this variety has increased till 
it is now in third place, having passed D 1135, though the latter variety shows a 
material increase over previous years. The proportion of Yellow Caledonia is 
larger than last season. The variation is ap])arcntly on account of the bi-yearly 
harvest. The tonnage of Tip canes has decreased. 

Of the minor varieties included in the column ‘‘Other Varieties,’’ those that 
formed or more of the crop of any plantation are: 

Variety — 

Rose Bamboo . 

H 146 

H 20 

H 227 

Yellow Bamboo 
White Bamboo 

H 223 

Badlla 


% of Total Crop. 
.... 1.02 

0.93 

.... 0.23 

.... 0.17 

.... 0.14 

.... 0.10 
.... 0.05 

.... 0.04 


2.68 
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TABLE NO. 1. 
VABIETIES OF CANE. 



Yellow 

Caledonia. 

Lahaina. 

H109, 

D 1135. 

Striped Tip & 
Yellow Tip. 

Striped 

Mexican. 

D117. 

Other 

Varieties. 

H. C. & S. Co 


42 

49 

8 

• • 



1 

Oahu 


39 

33 

20 

. . 

. . 


8 

Ewa 

1 

38 

59 

. . 


. . 


2 

Maui Agr 

, , 

49 

36 

6 


. . 


9 

Pioneer 

•• 

40 

6 

11 


41 


2 

Waialua 

22 

28 

9 

14 




27 

Haw. Sug 

5 

21 

19 

43 




12 

Olaa 

90 


• • 

8 




2 

Honolulu 

59 

19 

17 

5 




. . 

Onomea 

96 



1 

3 



• • 

Kekaha 


72 

4 

18 




6 

Hakalau 

i66 


• • 

• . 

. . 



, . 

McBryde 

31 

2 

34 

33 

. . 



. . 

Hilo 

95 


. . 

5 

. . 



. . 

Lihue 

95 


3 

1 




1 

Haw. Agr 

56 



17 


8 


19* 

Wailuku 

1 

29 

30 

5 

. . 

29 


6 

Makee 

100 

. • 

• • 

, , 

. . 



. . 

Honokaa 

30 


10 

66 

14 



. . 

Laupahochoe 

56 


•• 

3 

33 


8 


Waiakea 

100 



• • 

, , 


, , 

, , 

Kahuku 

50 

17 

33 

, , 

. . 


. . 

. . 

Pepeekeo 

100 


. . 

. . 

. . 


. . 


Koloa 

89 

7 

4 

. . 

. . 



. . 

Hamakua 

50 


1 

14 

4 


30 

1 

Paauhau 

53 


2 

36 

4 


3 

2 

Honomu 

97 


, , 

. . 

. . 


3 

. . 

Hawi 

54 


10 

4 

32 


. . 

. . 

Hutchinson 

43 



, , 

3 


. . 

54 f 

Kaeleku 

100 







• • 

Kaiwiki 

66 



2 

4 


27 

1 

Waianae 

, , 

59 

35 

1 

. , 

2 


3 

Kilauea 

100 



. . 

. . 



. . 

Kohala 

40 



18 

42 




Waimanalo 

100 




•• 




Niulii 

78 




22 




Halawa 

36 



5 

59 




Olowalu 

, , 

58 

37 

• . f 

, . 

5 


• . 

Union Mill 

38 



7 

55 




Kipahulu 

100 




•• 




True Average 1921 

45.1 

17.4 

15.0 

11.0 

3.0 

3.0 

1.1 

4.4 

‘‘ 1920 

42.7 

26.7 

9.1 

10.0 

3.5 

2.5 

1.0 

4.5 

'' 1919 

46.4 

29.1 

6.8 

7.2 

2.9 

1.8 

1.1 

4.7 

1918 

42.9 

37.9 

4.6 

7.5 

2.0 

0.6 

0.8 

4.3 


* White and Yellow Bamboo 7%. 
f Bose Bamboo. 
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TABLE NO. a. 

COMPOSITION OF CANE BY ISLANDS. 



Hawaii 

Maui 

Oahu 

• 1 

Kauai 

Whole 

Group 

1912 






Polarization 

13.30 

16.00 

14.38 

14.06 

14.34 

Percent Fiber 

13.53 

11.53 

12.62 

12.59 

12.67 

Purity 1st Mill Juice .... 

88.40 

91.13 

88.46 

88.30 

89.04 

1913 






Polarization 

13.22 

15.56 

14.21 

13.70 

14.05 

Percent Fiber 

13.74 

11.73 

12.75 

12.50 

12.85 

Purity 1st Mill Juice .... 

88.47 

91.11 

88.20 

88.12 

89.02 

1914 






Polarization 

12.75 

15.16 

14.23 

13.62 

13.78 

Percent Fiber 

13.62 

11.59 

12.44 

12.75 

12.74 

Purity 1st Mill Juice .... 

88.22 

91.02 

88.11 

87.51 

! 88.71 

1915 

Polarization 

12.61 

15.23 

14.29 

14.09 

! 13.77 

Percent Fiber 

13.00 

11.44 

12.77 

12.46 

12.51 

Purity 1st Mill Juice .... 

87.86 

90.48 

87.27 

86.99 

88.24 

1916 






Polarization 

12.54 

14.62 

! 13.74 

13.26 

13.45 

Percent Fiber 

13.22 

12.22 

' 12.51 

12.86 

12.74 

Purity 1st Mill Juice .... 

87.56 

89.41 

87.15 

86.26 

' 87.70 

1917 

Polarization 

13.31 

15.43 

1 13..55 

13.13 

13.76 

Percent Fiber 

13.23 

11.67 

12.25 

12.89 

j 12.62 

Purity 1st Mill Juice .... 

88.11 

1 90.69 

1 

86.86 

86.70 

! 88.02 

1918 

Polarization 

11.88 

1 

‘ 14.25 

13.50 

12.54 

1 12.97 

Percent Fiber 

13.35 

11.53 

12.23 

12.84 

12.50 

Purity 1st Mill Juice .... 

87.27 

88.62 

86.93 

85.88 

87.18 

1919 






Polarization 

12.74 

15.12 

14.24 

13.52 

13.74 

Percent Fiber 

13.07 

11.74 

12.14 

12.61 

12.40 

Purity 1st Mill Juice .... 

87.54 

88.81 

87.00 

85.82 

87.34 

1920 






Polarization 

12.86 

15.29 

13.75 

13.07 

13.64 

Percent Fiber 

13.36 

11.39 

12.65 

12.72 

1 12.64 

Purity 1st Mill Juice .... 

87.87 

88.94 

85.40 

86.52 

; 87.24 

1921 






Polarization . ; 

12.25 

14.67 

13.72 

12.67 

i 13.12 

Percent Fiber 

13.28 

11.82 

12.40 

13.28 

i 12.80 

Purity 1st Mill Juice .... 

87.18 

87.37 

85.46 

84.07 

1 86.22 

i 
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H 245 was ground in approximately the same quantities as Badila, but did 
not constitute 1% of the crop at any one plantation. 

Quality of Cane, 

In quality the cane was much poorer than last year. The purity of the first 
mill juice was lower by some one per cent than in any yeari for which figures 
are available. The polarization was lower than in any year except 1918. Judg- 
ing by the quality ratio, the cane was slightly better than the low point reached 
in 1918, but poorer than in any other year. The fiber content was higher than 
in other years except 1911 and 1913. Delayed harvesting has beer^ responsible 
to a large extent for the poorer quality of the cane. 

The composition of the cane by islands is shown in Table 2. In quality of 
cane, the different islands are in the same relative order as in previous years; 
that is Maui, Oahu, Kauai and Hawaii. Both polarization and purity show a 
large decrease compared with last year on all islands, except Oahu. On this 
island the delayed harvesting conditions were somewhat similar to those of the 
preceding season and the decrease in the quality of the cane is small. 

Milling. 

A reduction in the average milling loss of from 2.75 to 2.64 indicates a 
continuation of the imjjrovement in milling. The extraction has not kept pace 
with the reduction in milling loss because of higher fiber in the cane, and instead 
of being higher is actually 0.02 lower than la.st year. 

The polarization of the bagasse has decreased from year to year. This has 
continued during this season. 

The .same has been true of the moisture content of the bagasse in previous 
years. This year, however, for the first time since the figures have been aver- 
aged, the moisture content of the bagasse is higher than it was the preceding 
season. The increase is not great, the figures being 41 .05 and 41 .20. If we class 
the first twenty factories in the tabulations as the larger and the last twenty as 
the smaller, we find that this increase is due to the work of the smaller factories, 
the average for the larger factories being the same as last year. 

The amount of maceration has again decreased, and is now 1.5 below the 
maximum reached in 1919. Over 60% of the factories report decreased macera- 
tion. 

While methods for determining the efficiency of the maceration are far from 
satisfactory, there is ample evidence to indicate that it is low. If the efficiency 
of the maceration can be increased the amount used can be reduced without de- 
tracting from the work. It is probable that with a pfiven sucrose extraction, an 
increase in the efficiency of the maceration will decrease the extraction of im- 
purities. This is a subject worthy of the attention of the engineers. 

New records have been established this season in both milling loss and ex- 
traction. Table 3 shows the factories ranked according to milling loss. Two 
factories, Onomea with 1.16 and H. C. & S.‘ Co. with 1.25 have exceeded the 
record for milling loss of 1.27 made last year by Maui Agricultural Co. H. C. 
& S. Co. has also established a new record for extraction, finishing the season 
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TABLE NO. 3.— MILLING KESULT8. 

Showing the Rank of the Factories on the Basis of Milling Loss. 


Factory 

Milling 

Loss 

Extrac- 

tion 

Ratio 

Extrac- 

tion 

Equipment 

1. 

Onomea 

1.16 

0.09 

98.81 

2RC60,S54,12RM66 

2. 

H. (J. & S. Co. . . 

1.25 

0.08 

99.07 

K(2),2R078,S72,15RM78 

3. 

Maui Agr 

1.35 

0.10 

98.90 

K(2),21RM66 

4. 

Hakalau 

1.37 

0.11 

98.62 

2RC54,12RM9-60,3-66 

5. 

Hilo 

1.44 

0.11 

98.47 

K,2RG60,12RM66 

6. 

Pepeokeo 

1.83 

0.15 

98.09 

2RC54,9RM60 

7. 

Makee 

2.12 

0.18 

97.46 

K,2RC72,S72,9RM72 

8. 

Ewa 

2.13 

0.15 

98.14 

K(2),20RM78 

9. 

Wailuku 

2.18 

0.16 

98.08 

K,2R072,12RM78 

10. 

Honomu 

2.19 

0.17 

97.79 

2RC60,9RM6() 

11. 

Paauhaii 

2.21 

0.19 

97.29 

2RC60,12RM66 

12. 

Koloa 

2.28 

0.19 

97.29 

K,2R060,12RM66 

13. 

Haw. Sug 

2.38 

0.17 

98.05 

K,2RC72,872,12PwM78 

14. 

Lihue 

2.50 

0.21 

97.10 

K,2RC78,S72,12RM78 

15. 

Honokaa 

2.57 

0.24 

96.91 

K(2),14RM2-60, 12-66 

16. 

Haw. Agr 

2.62 

0.23 

96.94 

3RC60a2RM66 

17. 

Kilaiica 

2.73 

0.24 

96.66 

K,S,3RC60,9RM60 

18. 

Pioneer 

2.81 

0.19 

97.84 

K,2RC72,S72,15RM72 

19. 

Laupahoehoe . . . 

2.81 

0.22 

i 97.01 

K,2R(Xi0,9KM60 

20. 

McBrvde 

2.89 

0.23 

96.80 

K,2RC72,S54,9RM84 

21. 

Waianne 

2.92 

0.21 

' 97.34 

K(2),12RM60 

22. 

01 aa 

3.06 

0.25 

96.83 

K,S72,12RM78 

23. 

Hawi 

3.08 

0.23 

97.14 

K(3),3R048,12RM3-48,9-54,14RM54 

24. 

Olowalu 

3.09 

0.24 

97.04 

K,3R048,9RM48 

25. 

Waialua 

3.16 

0.22 ! 

! 97.40 

K(2),14RM78 

26. 

Kekalia 

3.16 

0.22 

1 97.24 

2RC54,9RM60 

27. 

Hutch ill son 

3.26 

0.28 j 

1 96.31 

2R060,9RM60 

28. 

Honolulu 

1 3.28 

0.24 1 

; 97.00 

K(2),S54,11RM78 

29. 

Kahuku 

3.34 

0 27 1 

.95.71 

3RC60,S54,9RM72 

30. 

Oahu 

3.57 

0.26 j 

96.95 

K(2),2RC78(2),S72,12RM7S(2) 

31. 

Kohala 

* 3.67 

0,.30 ' 

95.92 

! K(2),12RM60 

32. 

Kaiwiki 

3.79 

0.30 

95.55 

K,2RC60,9RM60 

33. 

Kaeleku 

3.84 

0.34 

95.35 

K(2),llRM2-54,9-60 

34. 

Waiakea 

4.20 

0.33 ; 

95.41 

K,S42,11RM60 

35. 

Hamakua 

5.31 

0.41 1 

1 

94.13 

K,2RC60,12RM60 

36. 

Halawa 

! 6.03 

0.,54 ! 

92.49 

K,2RC60,6RM50 

37. 

Union Mill 

6.50 

0.55 

91.53 

K,9RM60 

38. 

Niulii 

8 50 

0.71 

89.86 

K(2),9RM54 

39. 

Kipahulu 

9.02 

0.73 

89.85 

K,5RM3-42,2-54 
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with an average of 99.07. Five factories have reported milling losses of less 
than 1 . 5, against a maximum of two in any previous year. Compared with 1920, 
Ewa, Wailuku, Honokaa, Koloa, Hawi and Makee have advanced materially in 
their relative standing. These factories have also made material reductions in 
their milling loss. Olowalu, Kekaha, Kilauea, Waianae, Oahu and Pioneer are 
this year materially lower in their relative standing. 

Gravity Solids and Sucrose Balances. 

Table No. 4 shows these balances for the factories reporting the necessary 
data. As in previous years where suspended solids in the mixed juice has not 
been given it has been estimated at 0.25%. 

The use of sucrose figures eliminates several errors that exist in the ordi- 
nary control based on polarization. These methods have been improved and sim- 
plified so that satisfactory determinations may be made by laboratory assistants. 
At the recent meeting of the Hawaiian Chemists’ Association, estimates of the 
time required for the extra determinations varied from half an hour to an hour 
and a half a day. Twenty-one factories, manufacturing 65% of the crop, have 
this year made the necessary determinations. It would appear to be but a short 
step, yet a very desirable one, for this to be done by the remaining factories, thus 
putting the control on the much more reliable sucrose basis. 

Boiling House Recovery. 

The recovery compared with the available calculated from the analysis of 
the syrup appears in Tables 5 and 6. These tables are principally a check on 
the chemical control. It is necessary in calculating Table 5 to make the as- 
sumptions explained in the note at the bottom of the table. These assumptions, 
while true for average conditions, are not necessarily exact for individual cases. 
Comparisons over a number of years indicate that inaccuracies thus introduced 
are probably not over one per cent and that a figure of over 101% indicates 
errors in the control. Figures under 99 may indicate errors in the control or 
actual losses. There would seem to be no reason, other than errors in the con- 
trol, why the figure for available based on true sucrose in Table 6 should be 
over 100. 

But one factory is over 101% in Table 5, and but two over 100% in Table 
6. This is a better showing than in any previous year and, an indication of im- 
provement in the chemical control. 

Molasses Produced on Theoretical. 

This Table No. 7 has again been included. The figures this year are con- 
siderably more consistent than last season. As has been previously explained 
this table has been calculated on gravity solids. Using this basis, the only one 
available, a discrepancy is introduced which makes the molasses accounted for 
less than the calculated theoretical. It is probable that from 85% to 95% of 
the theoretical amount should be accounted for. 

Examination of the figures shows that 10 factories have reported less than 
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80% of the theoretical amount of molasses. All of these factories have unde- 
termined losses larger than the average. But three factories reporting over 80% 
of the theoretical amount of molasses have undetermined losses of over 2%. 

Boiling House Work. 

During the seven years for which average increases in purity from mixed 
juice to syrup are available these figures have shown an almost continuous de- 
crease. The present average, 1,13, is 0.20 below the previous low point reached 
last year. Milling practice has changed materially in these seven years, and with- 
out doubt an increased amount of fine cush cush now passes the mill screens and 
enters the boiling house with the mixed juice. During clarification a part of this 
cush cush is dissolved, adding to the impurities in the juice and diminishing 
the increase in purity. Screening practice is in need of revision to meet this 
new condition and insure the recovery of the extra sugar extracted by improved 
milling. 

This season delays have also diminished the increase in purity and added 
to the losses. Such losses are due to the development of micro-organisms in 
liquors cooling to the point where such development can take place and to 
chemical inversion in liquors that are not sufficiently alkaline. Though such 
losses cannot be entirely avoided during delays, they can be reduced to less than 
what the writer has frequently observed, by maintaining temperatures in the 
settling tanks, filter presses and even in the syrup tanks above) the point where 
micro-organisms can develop and keeping the products sufficiently alkaline so 
that chemical inversion will not take place. 

Though experimental work has not yet covered a sufficiently wide variety 
of cases to estimate the possible increase in purity, it is safe to state that the 
present average can be materially improved. 

The lime used in clarification was slightly in excess of the amount used 
the previous season. 

The polarization of the press cake has increased slightly, while the weight 
has decreased in somewhat greater proportion, resulting in a slightly lower loss 
per cent cane. Due to the lower polarization of the latter, however, the loss per 
cent polarization of cane shows a slight increase. 

It is improbable that the small loss reported in the press cake represents all 
the loss at this point. It is not easy to maintain temperature conditions in the 
presses that will prevent bacterial growth. More often than not there is evi- 
dence of bacterial development during washing, if not indeed during filtration 
itself. The writer is convinced that the actual loss is usually much greater than 
that indicated by the analysis of the washed cake. 

While the syrup was evaporated to a higher density than last season, this 
point was not as high as has been reached in several previous years. 

The polarization of the commercial sugar has increased from 96.36 to 96.75, 
changed marketing conditions having made this increase profitable. Higher polar- 
ization has depressed the boiling house recovery 0.17. This is not, however, a 
loss as it has been taken into consideration in calculating the most profitable polar- 
ization. 
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TABLE NO. 5. 

APPABENT BOILING-HOUSE BECOVEBY. 

Comparing percent available sucrose in the syrup (calculated by formula) with percent 

polarization actually obtained. 


Factory 

Available * 

Obtained 

Becovery j 
on 1 

Available | 

i 

H. C. & S. Co 

91.57 

90.92 

99.29 1 

Oahu 

89.48 

90.35 

100.97 

Ewa 

88.23 

86.50 

98.04 ; 

Maui Agr 

91.25 

90.49 t 

99.17 i 

Pioneer 

90.70 

89.43 

98.60 

Waialua 

88.35 

83.62 

94.05 

Haw. Sug 

91.38 

91.21 

99.81 

Olaa 

90.15 

90.26 

100.12 

Ononica 

92.08 

92.19 

100.12 

Kekaha 

89.93 

88.46 

98.37 

Hakalau 

92.37 

92.97 

100.65 ■ 

McBryde 

86.93 

83.94 

96.56 1 

Hilo 

93.25 

92.82 

99.54 

Lihue 

86.38 

85.77 

99.29 

Haw^ Agr 

90.87 

87.56 

96.36 

Wailuku 

88.89 

87.63 

98.58 

Makec 

85.37 

84.46 

98.93 

Honokaa 

87.13 

85.56 

98.20 

Laupahoehoe 

91.15 

89.38 

98.06 

Waiakca 

89.30 

87.97 

98.51 

Kahuku 

87.58 

74.68 

85.27 

Pepeckco 

91.62 

92.15 

100.58 

Ivoloa. 

87.29 

80.70 i 

99 32 

flamakua 

89.83 

84.62 

94.20 

Paauhiiu 

91.47 

90.33 ^ 

98.75 

FTonomu 

92.88 

93.14 

100.28 

Hawi 

91.09 

81.27 

89.22 

Hutchinson 

90.03 

87.12 

96.77 

Kaelcku 

87.27 

80.93 

99.01 

Kaiwiki 

90.22 

90.24 

100.02 

Waianae 

88.28 

87.02 : 

99.25 

Kilaiica 

82.36 

80.30 1 

97.57 

Kohala 

90.10 

91.29 

101 32 

Niulii 

89.80 

88.95 1 

99.0.5 

Halawa 

88.57 

78.04 ; 

88.11 

Olowalii 

87.44 ! 

86.29 

98.08 

Union Mill 

87.32 ! 

80.81 ; 

92.54 

Kipaliulii 

90 99 

88.08 I 

97.40 


* In order to ealonlate the available sucrose it Is necessary to estimate the jjrnvity pnrity of 
the syrup and supar. Data from factories determiuliifr bolh a])parent and gravity jnirities indicate 
that the average correction necessary is the addition of O.S to the apparent juirity of the syrni) and 
0.3 to the apparent purity of the sugar. When the moisture in the sugar has not been roportod 
1% has been taken. 3.S has been used when the gravity purity of the molasses has not b(‘en re- 
ported. 

t Sucrose. 
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The moisture content of the sugar has decreased from 0.97 to 0.92^o. 
This decrease is not in proportion to the increase in polarization. A moisture 
content of 0.92% in such sugar is dangerously near the point where deterioration 
may be expected. 

The gravity purity of the final molasses has decreased from 38.75 to 38.53. 
This is a better purity than in any year except 1919, when the average was 37.95. 
Compared with last year, better low grade work has had a favorable influence 
on the recovery to the extent of 0.10. 

Last year both mixed juice and syrup were lower in purity than in any pre- 
vious year. This year the mixed juice was 1.10 and the syrup 1.30 below the 
low points reached a year ago. A large increase in the molasses loss and a large 
decrease in the recovery has resulted. The following figures for the last three 
seasons indicate, however, that the decrease in recovery is greater than is ac- 
counted for by lower syrup purities. The average difference between apparent 
and gravity purities has been assumed to be the same as the average of the fac- 
tories reporting both in calculating the figures for available. 



Year 

Available 

Recovery 

1 Recovery on j 
j Available 


1919 

91.87% 

90.96% 

! 99.01% i 


1920 

91.17 

89.56 

1 98.23 


1921 

89.87 

88.03 

1 97.95 


Increased undetermined losses have been the principal factors in the above 
decrease of recovery on available. 

Factory Efficiency. 

As there has been some misunderstanding regarding this table, the writer 
will quote Dr. Norris in the Annual Synopsis for 1914: “Since the object of 
the factory work is to transfer as much as possible of the available sugar in the 
cane into the bag, the extent to which it does this represents its efficiency. . . . 
In arriving at an accurate standard of comparison it seems to me fair, as was 
done by Mr. Deerr, to assume 100% extraction at the mills. ... A gravity 
purity of 35 is assumed as possible in all cases.” And from the 1915 Synopsis: 
“The calculated results are intended as an approximate gauge of the quality of 
the factory work.” 

Since the table was first published the following changes have been made: 
The standard for molasses purity has been reduced from 35 to 30, because it is 
now known that molasses can be crystallized to at least the latter point. It 
was at first estimated that at least one per cent increase in purity from mixed 
juice to syrup should be secured. The increase is now taken as it is reported, 
though actually many factories ought to be penalized on this score. 

It should be noted that the first column is the extraction. If the fiber in the 
cane increases the extraction may decrease even though the same milling loss is 
maintained. In the same way a decrease in syrup purity will cause a lower 
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TABLE NO. 6, 

TBUE BOILING-HOUSE RECOVERY. 
Comparing percent sucrose available and recovered. 


Factory 

Available 

Obtained 

% Becovery 
on 

Available 

H. C. & S. Co 

91.70 

89.85 

97.98 

Oahu 

89.59 

89.38 

99.77 

Ewa 

88.32 

85.76 

97.10 

Maui Agr 

91.25 • 

90.48 

99.16 

Pioneer 

90.34 

89.48 

99.05 

W'aialua 

88.39 

83.15 

94.07 

Onomea 

92.67 

91.79 

99.05 

Hakalau 

92.35 

92.99 

100.69 

Hilo 

92.91 

92.89 

99.98 

Haw. Agr 

91.04 

86.99 

95.55 

Wailuku 

88.98 

87.17 

97.97 

Makcc 

85.20 

83.95 

98.53 

Laiipahoehoe 

91.19 

88.39 

96.93 

Waiakea 

89.02 

87.77 

98.60 

Pepeekeo 

91.68 

91.68 

100.00 

Hamakua I 

89.64 

84.12 

93.84 

Paauhau j 

91.31 

90.56 

99.18 

Honomu 

92.75 

92.68 

99.92 

Hutchinson 

90.31 

86.36 

95.63 

Kilauea 

82.82 

79.80 

96.35 

Kohala 

90.16 

90.77 

100.68 


TABLE NO. 7. 

PERCENT MOLASSES PRODUCED ON THEORETICAL. 


H. C. & S. Co 

86.2 1 

Honokaa 

84.6 

Oahu 

90.9 1 

Laupahoehoe I 

98.8 

Ewa 

88.1 

Waiakea j 

79.0 

Maui Agr 

105.2 

Kahuku | 

72.2 

Pioneer 

91.2 

Pepeekeo 

85 9 

Waialua 

79.4 

Koloa 

87.3 

Haw. Bug 

86.2 

Hamakua 

36.9 

Olaa 

91.2 

Paauhau 

93.9 

Honolulu 

96.9 

Honomu i 

93.1 

Onomea 

83.6 

Hutchinson j 

59.5 

Kekaha 

93.8 

Kaeleku 1 

88 4 

Hakalau 

85.2 

Kaiwiki i 

90.2 

McBryde 

99.4 j 

Kilauea 

71.1 

Hilo 

85.4 

Kohala 

84 6 

Lihue 

77.7 

Niulii 

99.6 

Haw. Agr 

89.0 

Olowalu 

74.8 

Wailuku 

92 5 

i Union Mill 

73.5 

Makee 

78.6 

1 
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figure in column two even though the undetermined loss and the gravity purity 
of the molasses remain the same, provided the purity of the latter is above 30. 

It would be desirable, in addition to this table, to rank the factories on a 
basis that would equitably allow for variations in the fiber, possible increase in 
purity from mixed juice to syrup, syrup purity, etc. So far the writer has not 
been able to devise a method for expressing this on a percentage, or indeed any 
other, basis. 

Through the courtesy of this Association the tabulated matter in this Synop- 
sis was presented at the recent annual meeting of the Hawaiian Chemists’ Asso- 
ciation. At this meeting suggestions made regarding the Synopsis included indi- 
cating exactly what was reported as “first mill’’ and “last miir’ juice, and omit- 
ting the calculations per cent cane and per ton of cane from Table No. 9 and 
the large table. 

The calculations in this Synopsis have been made by A. IJrodie and W. L. 
McCleery. 
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TABLE NO. 8. 

FACTOBY EFFiriENCY. 

Showing the rank of the factories, comparing their recovery with the calculated re- 
covery resulting from 100% extraction, reducing the molasses to 30 gravity purity, and 
eliminating all other losses. Factories reporting a recovery of over 101% of the avail- 
able (Table No. 5) are omitted from this tabulation. 


! 

No, 

Factory 

Milling 

Boiling 

House 

j 

Over All 

! 



1 

Onomea 

98.81 

98.03 

97.01 1 



2 

Hakalau 

1 98.62 

98.15 : 

; 96.96 



3 

Pepeekeo 

98.09 

98.36 

96.56 



4 

Honomu 

97.79 

98.22 

96.40 



5 

Hilo 

98.47 

97.47 

96.11 



6 

II. C. & S. Co 

99.07 

96.26 

95.54 



7 

Maui Agr 

98.90 

96.10 

95.20 



8 

Pioneer 

97.84 

95.72 i 

1 93.95 



9 

Oahu 

96.95 

96.59 

1 93.90 



10 

Olaa 

96.83 

96.20 

93.59 



11 

Paauhau 

97.29 

95.89 

93.50 



12 

Haw. Sug 

98.05 

97.06 

1 98.26 



13 

Wailuku 

98.08 

94.61 

! 92.97 ' 


14 

Waianae 

97.34 

95.01 

1 92.72 


15 

Ewa 

98.14 

94.19 

’ 92.71 ; 


16 

Koloa 

97.29 

94.89 

1 92.64 


17 

Kaiwiki 

95.55 

95.97 

92.08 1 


18 

Lihue 

97.10 

94.42 

. 91.93 


19 

Laupahoehoc 

97.01 

94.52 

, 91.91 


20 

Kekaha 

1 

97.24 

94.23 

1 91.80 


21 

1 

Olowalu 

97.04 

93.88 

! ! 

91.37 


22 

Makee 

97.45 ! 

92.94 

i 90.91 


23 

Haw. Agr 

96.94 

93.19 

! 90.45 1 


24 

Kaeleku 

95.35 

94.18 

' 90.14 1 


25 

McBryde 

96.80 

92.42 

! 89.08 ' 

! 

1 


26 

Honohaa 

96.91 

92.09 

' 89.51 


27 

Waiakea 

95.41 

93.48 

: 89.46 1 


28 

Hutchinson 

96.31 

92.13 

j 89.08 1 


29 

Waialua 

97.40 

89.54 

87.43 : 


30 

Kilauea 

96.66 

89.36 

; 86.67 1 


31 

Niulii 

89.86 

94.49 

85.26 


32 

Hamakua 

94.13 

90.02 

84.99 


33 

Kipahulu 

89.85 

93.27 

84.08 


34 

Hawi 

97.14 

86.31 

' 84.05 i 


35 

Union Mill 

91.53 

86.57 

1 79.66 1 


36 

Kahukii 

95.71 I 

82.22 

; 79.07 


i 

37 

Halawa 

92.49 

82.71 

1 76.73 

1 

- 
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Sugar Prices for the Month 


Ended December 15, 1921. 


r-96® Centrifugals --s 

Per Lb. Per Ton. 



(Nov. 15, 1921) 

4.11c 

$ 82.20 

fl] 


19 

4.09375 

81,875 

[2] 

u 

21 

3.9925 

79.85 

[H] 


22 

4.11 

82.20 

[41 

Dec. 

8 

3.98 

79.60 

15J 


13 

3.86 

77.20 

Ui] 

u 

14 

3.765 

75.30 

[71 

ik 

15 

3.67 

73.40 

Average for the month. 

3.64 

78.95 


fl] St. Croix 3.9.‘i75. Venozuola 4.25. 
V2] Cubas 4.11. Porto Ricos 3.875. 

Cubas. 

[4] Cubas. 
l’»] Spot Cuba. 

CM 01(1 crop 3.80: nc'W croj) 3.3.07. 

[7] Ni‘W crop Cubas. 
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The Record”— 
A Quarterly 


With this number the Hawaiian Planters’ 
Record appears as a quarterly instead of a 
monthly publication as heretofore. These quar- 
terly issues will come out in January, April, July, and October. The size of 
each issue will depend upon available material, but will average about 75 pages, 
varying, perhaps, between 60 and 100 pages in the different numl^rs. The four 
issues for the year will comprise a single volume. 

Less material will be reprinted from other journals than heretofore, but 
many articles appearing elsewhere that have an important bearing on the sugar 
industry of Hawaii will be reviewed or abstracted for the information of our 
readers. Where important articles of this character arc published in foreign 
periodicals not readily accessible, such material will be reproduced in whole or 
in part, depending upon circumstances. 

The editors of the Record are interested in receiving suitable contributions 
rfroin individuals connected with the sugar industry of these Islands. P)rief 
;|rticles bearing upon better methods of sugar cane agriculture and manufacture 
l^re particularly desired. 


In considering the matter of skilled super- 

Topping Cane for vision and its bearing on harvesting operations, 

the Mill we found that we did not have adequate^ data as 

to the proper point at which laborers should be 
instructed to top cane when cutting it for the mill. The matter was taken up with 
Mr. McAllep, and he and Mr. McCleery have conducted an investigation which 
is reported elsewhere in this number of the Record. 

It is interesting to learn that through a consistent error in topping cane .at 
the wrong place we might throw away an amount of sugar great enough to 
jjfnake a serious inroad upon the profits of a plantation. 

The report is of a preliminary nature, but it shows that there are egmmer- 
cial possibilities in paying greater attention to this particular operation. 
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In proceeding with a study of this question we must assume that no stalk 
of cane can be, or will be, topped at exactly the right point, so that with each 
stroke of the knife an error occurs which must, at best, amount to a fraction 
of one j)er cent of the crop, and often reaches several per cent. The closer the 
knife can hit to the point which gives us all the recoverable sugar, and pre- 
vents the addition of green cane supplying only injurious molasses, the larger 
will be the yields, and in turn, profits of a plantation. 

The extent to which the laborer can reduce the topping error depends upon 
the information and interest which we can give him in this work. Before at- 
tempting to devise ways to improve field practice at this point, the e^^ent of the 
loss due to imperfect topping must first be ascertained. Upon the sugar value 
involved will depend the feasibility of corrective measures. 

Previous investigations revealed a serious loss in deterioration between 
cutting or burning and milling, which in many instances has been reduced by 
more prompt transportation. The topping error deserves the same careful con- 
sideration, beginning first with measurements of its extent and bearing on plan- 
tation profits. 


Work on clarification problems by W. R. McAllep and H. F. 
Bomonti, reported in this issue, deals with purity increases from 
different amounts of lime. The results indicate that there is 
considerable room for improvement in carrying the reaction of the clarified juice 
at a more alkaline point than neutrality to litmus, as is the prevailing practice in 
many factories. 

There is a close relation between the phosi)horic acid content of the juice 
and its behavior in clarification, A low phosphoric acid content is accompanied 
by difficulties in clarification. The results show the possibilities of adding phos- 
phoric acid where this material in present in insufficient quantity. 

The cost of such treatment is to be considered in connection with the fact that 
j)hosphoric acid so used is recovered in the filter-press mud. 

These investigations carry valuable suggestions and the work should be sup- 
plemented by further work by factory operators pertaining to their specific con- 
ditions. 

Tl. F. Hadfield, in an article which we also publish in this issue, relates 
satisfactory experience in handling the clarification at a comparatively high 
alkalinity. 


Studies in 
Clarification. 


A New 

Acreage Census of 
Cane Varieties. 


Recent compilations of data, the 1921 acreage census 
of cane varieties, show a decided reduction in the area 
of Yellow Caledonia, amounting in round numbers to 
about 11,000 acres, as against the 1919 census. This 
shows the effect of a single planting season over the total cane area of the Islands 
and compares the entire area of the 1922 and 1923 crops with the acreage of the 
1920 and 1921 crops. 

H 109 shows an increase of nearly 20,000 acres, while Lahaina decreases in 
area by 16,000 acres. D 1135 continues to show an increase, amounting for this 
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period to 6600 acres. Striped Tip goes back by 1200 acres, atid Yellow Tip 
gains by 300. Decreases are found for Rose Bamboo and D 117, and increases 
for Yellow Bamboo, H 146, and in a small degree for Striped Mexican. 

The following table shows the situation with respect to cane varieties in con- 
densed form: 

VAEIETIES OCCUPYINU 1000 ACRES OB MORE. 



Census of 1919. 
Combined Arens 
of the 1920 and 
1921 Crops. 

Ceiisiia of 1921. 
Combined Areas 
of the 1922 and 
1923 Cro])s. 

(lain in 

Area. 

Loss in 
Area. 

J. 

Yellow Culedonia .... 

110,695 

99,606 


11,089 


109 

19,826 

39,770 

19,944 



I) ii;i5 

21,887 

2S,,500 

6,613 


4 

Tjaliaiiia , , 

38,829 

22,240 


16,089 

i). 

Striped Mexican 

5,625 

5,685 

60 



Y low Tip . 

5,191 

5,525 

334 


7. 

striped Tip 

6,261 

5,012 


1,249 

S. 

Rose Bamboo 

4,578 

4,318 


260 

9. 

1)117 

4,607 

3,735 


872 

10. 

Yellow Bamboo 

950 

1,621 

671 


n. 

H146 

1,317 

1,606 

2S9 



Remarkable increase in the area of 11 109 and the accompanying decrease of 
the old Lahaina variety, which has given way to the seedling cane, are shown for 
a period of eleven crops as follows : 



Aere.s of 

Lahaina 

Acres of 

H 109 

(h’oj) of 1913 

1 41,208 

0 

1914 

1 39,697 

26 

“ “ 191.5 

;i7,a94 

39 

“ 1916 

ao.oo.') 

.558 

“ “ 1917 

33,110 

1,160 

“ “ 1918 ! 

33,910 

2,847 

“ “ 1919 ' 

28,624 

5,414 

“ “ 1920 ' 

25,078 

7,147 

‘‘ 1921 

16,706 

13,471 

a a "iQOO 1 

14,052 

17,501 

ti < < l QO*^ 

! 

8,188 

22,269 


The figures .shown here are subject to minor corrections, as variety areas 
of a few plantations have been e.stimated in the absence of statistics from them. 
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Insect Transmission of Yellow Stripe Disease. 

By L. O, Kunkel. 

During the past eighteen months a number of experiments have been made 
in the hope of learning the means by which Yellow Stripe or Mosaic disease is 
spread to healthy sugar cane plants. Although the problem, is by no means fully 
solved, some of the results seem worth recording at this time. 

That many of the mosaic diseases of plants are carried by insects is now a 
well established fact. The Curly-top of sugar beets, a disease similar to mosaic, 
is carried by the sugar beet leafhopper (Eutettix tenella Baker)^^>'; tobacco Mo- 
saic by the spinach aphid (Myaus persicae Sulz.)^ ; Spinach-blight, a disease simi- 
lar to mosaic, by the spinach aphid, the potato aphid (Macrosiphum solanifoln 
Ashmead), the bean aphid (Aphis runiicis L.), and the tarnished plant bug (Lygus 
pratenis L.)^^; potato Mosaic by the potato aphid. and the spinach aphid ; corn 
Mosaic by the corn aphid (Aphis nutidis Fitch ; cucumber Mosaic by the melon 
aphid (Aphis gossypii Glover), the striped cucumber beetle (Diabrofka vittata 
Fabr.), and the 12-spotted cucumber beetle (Diabrotica duodccimpunctata Oliv.)® ; 
lettuce Mosaic by the spinach aphid and the Mosaic of mustard and turnip by 
the spinach aphid.^2 There is evidence that aphids transmit sweet pea Mosaic,^ ^ 
tomato Mosaic,^ and the Mosaic of pokeweed (Phytolacca dccandra L.).^ 

The fact that insectss can carry so many different mosaic diseases suggests 
that they may be the means by which sugar cane Mosaic is spread. Shortly after 
beginning the work here reported, Brandes published experiments showing that 
mosaic is carried to cane by the corn aphid. The importance of aphids in the 
spread of these diseases naturally brings the cane aphid (Aphis sacchari Zehntn.) 
under suspicion. For this reason it was the first insect used in my experiments. 

All plants used in the experiments described below have been grown in soy 
tubs filled with rich garden soil. Insect control in the earlier experiments was by 
means of large cloth bags fitted over the tops of the tubs and held in place over 
the plants by short pieces of bamboo. In all the experiments set up since March 
1, 1921, insect control has been accomplished by growing the plants in large insect- 
proof cages. 

Experiments With the Cane Aphid (Aphis sacchari Zehntn.) 

Experiment 1. — On May 1, 1920, a considerable number of cane aphids taken 
from a mosaic plant of Striped Tip cane on which they had been feeding for more 
than a month were transferred to a healthy young plant of the same variety. An- 
other plant of the same age and variety was kept free from insects and used as a 
control. On July 8, when the experiment was ended, both plants were still healthy. 

Experiment 2. — On May 11, 1920, a considerable^ number of cane aphids, 
taken from a mosaic Striped Tip plant' were transferred to three healthy young 
plants of the same variety. Three other plants of the same age and variety served 
as controls. The aphids flourished and were present on the three test plants when 
the experiment was ended on July 8. They did not transmit the disease. 

Experiment 3. — On May 11, 1920, a considerable number of cane aphids, 
taken from a mosaic plant of the Lahaina variety, were transferred to four healthy 
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young plants of the same variety. Four other plants of the same age and variety 
were kept free from insects and served as controls. All plants were still healthy 
on July 8 when the experiment was ended. 

Experiment 4. — On May 26, 1920, a considerable number of cane aphids, 
taken from a mosaic plant of the Lahaina variety were transferred to two healthy 
young plants of the same variety. Two other plants of the same age and variety 
were kept free from insects and served as controls. The aphids flourished on the 
infested plants but had not transmitted the disease up to July 8 when the experi- 
ment was elided. 

Experiment 5. — On March 1, 1921, seed from healthy Lahaina cane was 
l)lanted in each of three tubs of sterile soil placed in three dilferent insect-proof 
cages. In a like manner seed from mosaic Lahaina plants was placed in three other 
tubs of sterile soil in the three cages already mentioned. This seed, as was to 
be expected, gave rise to one healthy and one mosaic plant in each of the three 
cages. On April 20, when the plants were well started, fifty cane aphids, taken 
from a healthy Lahaina plant, were placed on each of the mosaic plants in the 
three cages. The aphids flouri.shed on the mosaic plants and gradually spread 
from them onto the three healthy plants. All of the three plants from healthy 
seed were still healthy on July 15, when the plants in tw^o of the cages were thrown 
out in order to make room for another experiment. The aphids did not transmit 
the disease to these plants during the period of almost three months that they were 
present in the cages. 

The plants in one of the cages were left undisturbed until October 26. The 
plant from healthy seed was still free from mosaic on this dale. It had produced 
several lalas and had grown to be a large plant. The aphids did not carry mosaic 
from the diseased to the healthy plant during the six months that they were pres- 
ent in the cage. 

Experiment 6. — It is the habit of the cane aphid to feed on the lower leaves 
and on the more mature parts of upper leaves. Unless it becomes quite numerous 
on a plant it is never found on the tender young leaves of the spindle. It was 
thought that the failure of this insect to transmit mosaic might be due to its habit 
of feeding on mature tissues. On May 6, 1921, a considerable number of cane 
aphids, taken from a mosaic plant of the variety Demerara 117, were placed on 
each of three healthy young plants growing in three diflferent insect-proof cages. 
Two of the plants were of the lahaina variety, while the other was of the variety 
Yellow Caledonia. Approximately one hundred aphids were placed on each of 
these plants. Three other plants of the same age and varieties were kept free from 
insects and served as controls. Before placing aphids on these plants all of the 
mature leaves as well as the mature tips of young leaves were cut off. This was 
done in order to force the aphids onto the tender young tissues. All plants were 
.still healthy on June 8 when the experiment was ended. The aphids did not trans- 
mit the disease even when forced to feed on the immature parts of young plants. 

Experiment 7. — On September 19, 1921, a considerable number of cane 
aphids were transferred from a mosaic plant of the Lahaina variety to ten healthy 
young caged plants of the variety Striped Tip. Ten other caged plants of the 
same age and variety were kept free from aphids and .served as controls. All 
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plants were still healthy on October 26, when the experiment was ended. The 
aphids failed to transfer mosaic disease to the healthy plants. 

Two of our mo^t susceptible varieties of cane, Lahaina and Striped Tip, 
have been used in the experiments with can^ aphids. In no case did these insects 
transmit Mosaic disease to healthy cane plants. Although negative results are 
never fully convincing, the writer believes that the evidence at hand justifies the 
conclusion that the cane aphid takes no part in the spread of the Yellow Stripe 
disease. 

Expkrimknts With the Corn Aphid (Aphis maidis Fitch). 

Experiment 8. — On March 1, 1921, two tubs of sterile soil were placed in 
each of twenty different insect-proof cages. Ten other tubs of sterile soil were 
placed outside of, but near, the cages. A seed piece cut from healthy Lahaina 
cane was planted in one of the tubs while a seed piece cut from diseased Lahaina 
cane was planted in the other tub in each cage. The ten tubs placed outside the 
cages were planted with healthy Lahaina seed. On March 21, it was observed 
that all healthy seed had given rise to healthy plants, while all diseased seed had 
given rise to diseased plants. C)n March 28, fifty corn aphids, taken from mosaic 
corn plants, were placed on each plant in cages numbers 2, 3, 4, 5 and 6. On 
April 8, fifty corn aphids, taken from mosaic corn plants, were placed on each 
])lant in cages numbers 7, 8, 0, 10 and 11. All caged plants as well as all of the 
check plants growing outside the cages were examined daily. On April 20, twelve 
days after aphids were transferred to the last set of cages, it was observed that 
one stalk of the healthy plant growing in cage number 9 showed three typical 
Yellow Stripe spots on a young unfolding leaf. The other three stalks of this 
plant showed no evidence of disease. Seven days later another one of the stalks 
began to show Yellow Stripe spots on its unfolding leaves. On May 4, the other 
two stalks began to show the disease. On April 27, nineteen days after the aphids 
were transferred to the second set of cages, one of the two stalks of the healthy 
plant in cage number 10 and one of the two stalks of the healthy plant in cage 
number 11 began to show Yellow Stripe disease. On May 4, Yellow Stripe spots 
began to appear on the unfolding leaves of one of the three stalks of the healthy 
plant in cage number 6. The disease appeared on this plant twenty-six days after 
the aphids were put into the cage. 

On May 10, approximately one hundred corn aphids, taken from mosaic corn 
j)lants, were placed on each of the idants in cages numbers 2, 3, 4, 5, 7 and 8. 
No further infection had taken place up to May 22. From this date to June 8 
the plants were not under observation as the writer was absent from Honolulu. 
On June 8, one of the two stalks of the healthy plant in cage number 5 showed 
Yellow Stripe disease. The plants from healthy seed in cages numbers 2, 3, 4 
and 7 were still healthy on July 16 when the experiment was ended. On this 
date the plants were approximately six feet high and were making vigorous 
growth. All of the check plants grown from healthy seed in cages numbers 1, 
12, 13, 14, 15, 16, 17, 18, 19 and 20 and all of the ten check plants grown outside 
of cages were still healthy when the experiment was ended. 

Six out of the ten healthy caged plants on which corn aphids were placed took 
Yellow Stripe disease, while the twenty healthy plants on which no aphids were 
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placed remained healthy. The experiment confirms the results obtained by 
Braudes and shows that this insect can carry the disease to cane. 


Experiments With tile Corn Leaehopper (Peregrinus maidis). 

Experiment 9. — On March 21, 1921, twenty-five corn leafhoppers, taken from 
mosaic corn plants, were transferred to each of two ca^es. Each cage contained 
one healthy and one diseased Lahaina cane plant. The plants were about a foot 
in height when the insects were transferred to them. On March 24, twenty-five 
more leafhoppers were transferred from mosaic corn plants to each of the cages. 
The insects deposited many eggs in both the healthy and diseased cane plants. A 
few young hoppers were hatched in each cage, but botli colonies gradually died 
out. On April 21, twelve corn leafhoppers, taken from mosaic corn plants, were 
transferred to each of the cages. On June 8, when the experiment was ended, 
no leafhoppers could be found in either of the cages. Both of the plants from 
healthy seed were still healthy on this date. This experiment indicates that the 
corn leaf hopper is not able to carry the disease to cane. 

Experiment 10. — On September 27, 1921, a consideral)ie number of corn 
Ieafho])pers, taken from mosaic corn plants, were transferred to two cages con- 
taining two healthy young corn plants and one healthy young cane ])lant each. 
The cane jilants were of the Strij)ed Tip variety. Two other cages containing 
corn and cane plants of the same age and varieties were kei)t free from insects 
and served as controls. On October 14, it was observed that all of the corn plants 
exposed to corn leafhop])crs had contracted Mosaic disease; the cane i)lants were 
still healthy. On this date the diseased com plants were cut off at the surface 
of the ground and left in the cages to wither. When the corn jdants were dry 
the ho])pcrs went onto the cane plants in large numbers. All of the cane plants 
used in this experiment and all of the corn plants not exposed to leafhoppers re- 
mained healthy up to October 26, when the experiment was ended. The exj)eri- 
ments prove that corn leafhoj)pers can carry mosaic to healthy corn jdants, but 
indicate that they cannot transfer the disease to healthy cane jdants. 

Experiment 11. — On October 26, 1921, approximately twenty-five corn leaf- 
hoppers, taken from mosaic corn jdants, were transferred to a cage containing 
six healthy young corn jilants. Six other corn ])lants of the same age were kept 
free from insects and served as controls. On December 8, 1921, when this ex- 
perimenl was ended, all of the six corn plants exposed to leafhoppers were in- 
fected with mosaic. The six control plants were all healthy. This exjieriment 
confirms Exj)eriment 10 and proves that corn leafhoppers can transmit mosaic 
from diseased to healthy corn plants. 

Exr*KRiMENTS WiTiT THE Cane Leafhopper ( Pcrkinsiclla saccharickia Kirk). 

A few tests have been made in order to determine whether or not the cane 
leafhopper can transfer mosaic to healthy cane plants. The results thus far ob- 
tained are negative. As work with this insect is still in progress, the experiments 
will not be given in detail at this time. 
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Discussion. 

Of the many plants that have been grown in insect-proof cages during the 
past year, not a singfe one has taken Mosaic disease unless it was exposed to 
insects. During all of this time there has been more or less spread of mosaic 
to cane and corn grown in small garden plots a short distance from the cages. 
There seems to be good evidence that the spread of mosaic in the fields is by 
insects. At the present time the corn aphid is the only insect known to carry 
mosaic to cane. It is fortunate that the cane aphid and cane leaf hopper do not 
carry the disease. The corn leaf hopper carries mosaic from corn to corn, but 
does not seem able to carry it from corn to cane or from cane to cane. Brandes ^ 
found that corn aphids can transfer mosaic from cane to sorghum and from 
sorghum to corn. His results indicate that the mosaic of cane is identical with 
that of sorghum and corn. If these diseases are identical it is rather strange 
that the corn leafhopper, which so readily transfers corn mosaic to corn, is un- 
able to transfer it to cane. This insect is chiefly responsible for the spread of 
mosaic in the corn fields of Hawaii. 

It seems improbable that the corn aphid is the only insect that takes part 
in the spread of mosaic to healthy sugar cane fields. Further experiments are 
expected to show that other insects are able to carry the disease to cane. It is 
interesting to note that the corn aphid does not thrive on sugar cane. It cannot, 
in fact, maintain a colony on this plant. In the experience of the writer, eleven 
days is the longest period of time that any corn aphids have been able to live 
on cane plants. Most of them die after one week. It is not believed that this 
insect can invade cane fields to such an extent as to be of any importance in the 
spread of mosaic from diseased to healthy cane. If, however, a suitable host 
plant subject to the same mosaic disease is present in or near cane fields, this 
aphid may become a serious means of spreading the disease. During the past 
year it was observed that mosaic had spread very rapidly in a field of young 
jdant cane. On examination it was found that goose grass (Eleusine indica 
Gaertn.) was growing as a weed in this field. The grass was quite generally 
infested with corn aphids* and some of the plants had mosaic disease. Shortly 
before the spread of mosaic to the cane, most of the goose grass had been cut 
in an effort to clear the field of weeds. It is believed that in this instance the 
corn aphids went onto the cane when the grass was cut. In so doing they prob- 
ably carried the disease from the grass to the cane. Some of the worst epidemics 
of Yellow Stripe have occurred in cane fields adjoining or near corn fields. It 
is probable that at least a part of the spread in these fields can be attributed to 
the corn aphid. 

Although the corn aphid is not classed as a cane parasite in Hawaii, it has 
been reported on this plant in Java, and in a recent letter Dr. Brandes states : 
“I myself have seen it on sugar cane in the fields of Georgia and can assure 
you that under greenhouse conditions in Washington it is sometimes so abun- 
dant as to almost cover young plants.” The observations of Dr. Brandes sug- 

* The aphids were identified by H. T. Osborn of the Department of Entomology of 
the Experiment Station of the H. S. P. A. 
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Goose grass, a weed that is subject to mosaic and harbors the corn aphid. 

^est that the strain of Aphis maid is in the greenhouses at Washington and in 
the fields of Georgia is different from the one present in Hawaii. 

The exact number of weeds and grasses on which this insect flourishes is 
not definitely known. It doubtless lives on many plants on which it has not yet 
been reported. It is known to breed on the following plants : Corn, sorghum, 
broom corn, barley, wood sorrel (O.valis sp.)y foxtail (Setaria glauca (L) Beaw. ), 
panic grasses (Pameum crns-galli L., P, sanguinalc Seem., P, dichotomiflorum 
Michx. ), knotweed (Polygonum pennsyh^amenm L."), goose grass (Elcusine in- 
dica Gaertn.), and the club rush (Scirpns maritimus L.)* It is probable that the 
mosaic occurring on some of these grasses is identical with cane mosaic. Brandes^ 
has shown that the mosaic on cane is the same as that on sorghum by transferring 

' Otto H. Swezey found corn aphids on the club rush in Kapiolani Park, Honolulu, 
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the disease from cane to sorghum. In discussing other host plants he says; 
“With regard to sorghum, crab-grass, foxtail and Panicum our evidence is con- 
clusive and proves that the infectious material or virus is the same for all of 
these plants.” * 

Mosaic is known to occur in Hawaii on the following plants belonging in 
the grass family : Sugar cane, sorghum, corn, Sudan grass, wonder forage grass 
(Andropogon sp.) and goose grass. 

All crops that harbor the corn aphid and all grasses subject to mosaic dis- 
ease should be grown at some distance from sugar cane fields. Keeping fields 
free from weeds and wild grasses is to be recommended, not only because this 
is good agricultural practice, but because it will help to prevent the spread of 
the Yellow Stripe disease. 

Summary. 

1. The corn aphid can transfer the Yellow Stripe disease to cane. 

2. Experimental evidence indicates that the cane aphid and the cane leaf- 
hopper do not carry the disease. 

3. The corn leafhopper readily transfers mosaic from diseased to healthy 
corn plants, but is unable to carry it from cane to cane or from corn to cane. 
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Direct and Indirect Injury to Plants by Insects. 

By F. Muir. 

The injury clone to plants by insects is of two kinds, direct and indirect. In 
the former case it is purely mechanical, such as eating* the leaves, stems or roots 
or by sucking the juices The borer and anomala beetles and the leaf hopper are 
examples of such injury. In the case of indirect injury th(‘ mechanical harm done 
is very slight, the chief damage being done by foreign bodies being introduced 
into the plant by the insects. The mosaic disease is an examine of this. 

In the early days of economic entomology, attention was concerned solely 
with direct injury, and even today our greatest efforts are being made to counter- 
act such injuries. But as knowledge of plant diseases has increased it has been 
found that insects play an important role in their distribution, even as some in- 
sects have been found to carry diseases between man and man, and between vari- 
ous animals and birds. As carriers of diseases, the insects act in two manners. 
1'hey can form an intermediate host in which the parasite undergoes ])art of its 
life cycle, and without such a host it is unable to extend tlie boundaries of its activi- 
ties ; the malaria parasite and the moscjuito is such a case. Or they can act purely 
as mechanical carriers and simply convey the disease from one party to another 
without the parasite undergoing any part of its life cycle during the period of 
transition. As simple carriers they can form a reservoir in which the parasites 
live (generally internally) for long periods, but undergo no transformation, or 
they can simply convey them externally on their mouth organs or body. 

‘ The method of conveyance is of great economic imjiortance, for intermediate 
hosts and reservoirs when once infected carry t1ie disease over long ])eriods and 
inoculate many victims, whereas the simple carrier can carry the disease only 
for a limited period after being contaminated and can inoculate only a very limited 
number of victims. 

Fighting an insect that does direct damage is generally a simpler matter 
than fighting one that does indirect damage. l>y the introduction of beneficial 
insects into our cane fields we have reduced the damage done l\v directly injurious 
insects to such a point that their damage is relatively small : but if they had been 
indirectly injurious insects I doubt if the reduction would have been great enough 
to produce very beneficial results. As an exam]de I can cite the leafhopjier, which 
has been reduced to such a degree that it now does no injury excei)t in one or 
two comparatively small areas. l>ut if it were a carrier of a disease, such as 
mosaic, then the present reduction would not be sufficient to be very beneficial. 
(.)nc or two leafhoppers on a stool of cane could do no direct injury, but a single 
leafhopper conveying a disease would be enough to infect the cane. 

Thus we sec that the control of directly injurious insects is a very different 
problem to the control of an indirectly injurious insect, and generally a more 
simple task. 

In Hawaii, mosaic disease is not nearly such a serious disease as in Porto 
Rico, and it would be of great interest to know why this is so. At present it 
looks as if this may be due to certain insects in Porto Rico which convey the 
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disease directly from diseased sugar cane plants to healthy sugar cane plants, 
whereas all of Dr. L. O. Kunkel’s experiments indicate that we have no such 
insects in Hawaii, and the only conveyors are occasional visitors to the cane plants. 
There is another possibility, that a disease becomes more virulent if conveyed 
by one insect than it is when conveyed by another insect. There is an indica- 
tion that this is so in malaria when conveyed by different species of mosquitoes. 

In Trinidad the damage done by the Cercopid leaf hopper is not by the young 
feeding upon the roots, but by the adults which feed upon the leaves and cause 
them to die. From published colored plates of affected leaves it looks as if the 
leafhoppers conveyed a disease to, or injected a poison into, the leaves. The spot 
where they puncture the leaf to suck the juice (in a similar manner to our sugar 
cane leaf hopper) becomes discolored and dies. The dead area increases very 
rapidly and soon the whole leaf is dead. Experiments have been made to see if 
this was the cause of the stunted growth. All the larger leaves were stripped 
from cane plants and this was found to cause the same stunting of growth as 
when the leaves were killed by leafhopper attacks. It is therefore possible that 
the Trinidad leafhopper is indirectly injurious. 

This all demonstrates the necessity of keeping out all insects from our islands, 
except those whose beneficial natures have been fully demonstrated, for an ap- 
parently harmless insect may be a conveyor of diseases. It also demonstrates the 
necessity of using the utmost care should canes be brought into the Territory, 
for they may contain the germs of a disease which insects already in the Terri- 
tory may be capable of conveying. 

On account of their method of feeding, the Homopter, or leafhoppers, plant- 
lice, jumping plant-lice, scales and mealy bugs, are the most liable to be conveyors 
of diseases, and on this account their economic importance becomes greater than 
suspected until recently. 
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Field Methods Used at Waipio. 


One of the plantations asks the following questions concerning the methods 
used to produce the field of cane at Waipio inspected in December by those in 
attendance at the annual meeting of the Association : 

1. When was this field last harvested! 

2. How long was the water off this field prior to harvesting? 

3. How many months prior to harvesting was the last application of fertilizer madet 

4. After harvesting, when was the first application of water made, and how muck 
in acrednehes! 

5. How often were subsequent applications of water made, and the amounts in acre- 
inches! 

6. Dates of all fertilizer applications* amounts, and the chemical analysis of fertil- 
izers ! 

7. Analysis of the soil as to potash, phosphoric acid and nitrogen content prior tOt 
first application of fertilizer for this crop? 

8. When will this field be harvested this year? 

9. Do you intend to carry out the same program for next crop? 

10. When this field was planted, kindly give date, space of seed with relation one- 
to the other, and kind of seed; that is, body, top, etc. 

11. For first ratoons, how much replanting w^as necessary? 

12. How much weeding was done in this field? 

13. Any other data you may think we may be interested in. 

The following answers to these questions have been drafted by J. A. V^erret,. 
who has had supervision of this work at Waipio: 

1. The last crop (plant cane) was harvested in late May and early June, 1920. 

2. The last irrigation w^as started on January 8, 1920. 

From January to May we had the following rainfall: 


January, 1920 

6 

.68 

inches 

February, 1920 


.72 

( ( 

March, 1920 

4 

.58 

1 1 

April, 1920 


.72 

i t 

Mav, 1920 

1 . 

.67 

i t 


For be.st results at W^aipio the water should be taken off from 00 to 90 days^ 
before harvest, depending on how fast the field dries out. 

3. The last application of fertilizer, consisting of 650 lbs. of nitrate of soda, was mado 
one year before harvest, in May, 1919. 

4. It is our policy to put on the first water as soon behind the cutters as possible. 
We do not wait until the whole field is harvested before starting, but as soon as 
a level ditch is cleared we irrigate that part. This is generally within a week 
after cutting. 

5. The average irrigation interval was 20 days. In the hot, dry summer months we 

endeavor to make the rounds every 15 to 16 days. From December, 1920, to Feb- 
ruary, 1921, there was no irrigation for a period of 74 days on account of rain. 

6. The plant crop, harvested in 1920, was fertilized as follows in pounds per acrer 

450 pounds ammonium sulfate on August 12, 1918. 

580 pounds nitrate of soda on October 24, 1918, 

650 pounds nitrate of soda on May 29, 1919. 

This supplied 280 pounds of nitrogen per acre. 
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The present ratoon crop was fertilized as follows; 

667 pounds of nitrate of eoda on July 1, 1920. 

666 pounds of nitrate of soda on September 20, 1920. 

400 pounds of acid phosphate on September 20, 1920. 

666 pounds of nitrate of soda on February 11, 1921, 

This amounts to 310 pounds of nitrogen per acre. 

7. The following is the analysis of the soil from this field; 

Total acid soluble potash (K20)=.25%. 

Total acid soluble phos. acid (P 205 )=. 33 %. 

Total citrate soluble phos. acid=.003%. 

Total nitrogen=.13%. 

8. This field will be harvested again next April or May, this to depend on the time 
of the winter rains. 

9. The next crop will be a short ratoon to be harvested about August, 1923. The 
treatment "will be about the same, except that probably slightly less nitrogen will 
be used, about 280 to 290 pounds per acre. 

10. The field w^as planted in May and June, 1918, and was not cut back. Top seed 
was used, lapped about one inch. Small poor seed pieces were discarded. 

11. There was practically no replant needed in the first ratoons. This is fortunate, 
as with this system of quickly starting the new crop, the replant has no chance 
to come through unless done very early. What replanting is to be done we now 
endeavor to do with the first water. We go over the field very carefully and fill 
in gaps and missing stools. In this way the seed comes up almost as soon as the 
ratoons, and is not choked out as is the case if replanting is delayed until the 
ratoons have made some growth. 

12. We have no charges for weeding against this field. What few weeds came up 
were easily taken care of by the irrigators without slowing down the irrigating. 
With the heavy growth of cane, weeds have no chance to mature seeds, so the 
only weeds we have to contend with are those from the few seeds coming down 
with the water. 

13. We do not cut back at Waipio. The cane is kept growing as fast as possible, 
more particularly during August and September every effort is made to see that 
it suffers no check. We have at present a field of about 10 acres in short ratoons, 
from cane cut last April. We have been able to find but three tassels on this field. 
This area has been fertilized as follows; 

June 1, 1921 — 810 pounds nitrate of soda. 

June 1, 1921 — 350 pounds of acid phosphate. 

August 5, 1921 — 810 pounds of nitrate of soda. 

The average time of an irrigation round has been 17 days (not including the 
rainy season). The field has had no cultivation or weeding of any kind. We esti- 
mate 9 or 10 tons of sugar at harvest next August. 

We employ at Waipio a system of handling our fields, developed by Mr. 
Verret, which is designed to take full value of the available area and growing 
time. There follows his description of this system. 

We endeavor always to have two-thirds of the area in long ratoons or plant, and one- 
third in short ratoons. Each year we harvest tw’^o-thirds of our total area, one-half of 
w^hich is long ratoons or plant and one-half short. 

In harvesting we begin with the long ratoons, finishing about June. All these fields 
then go into short ratoons for the next crop. We then harvest the short ratoons, these 
fields in turn becoming long ratoons for the crop two jears hence. In this way no cut 
back is needed. We obtain two crops in three years, the average cane being 18 months 
old at harvest, none of which should ever be over two years old or less than 16 months. In 
this way we attempt to obtain the utmost returns from the land by doing away with idle 
time. 

Last year we obtained 0.553 tons of sugar per acre per month from our plant and 
long ratoons, so if we lose a month ^s growing time we lose that much sugar. This amounts 
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to 37 pounds of sugar per day per acre. At four cents a pound that gives a growing 
time’’ value of $1.48 per day per acre. 

We feel that such success as has thus far been attained at Waipio in pro- 
ducing high yields of cane is due in part to this practice of placing a potential 
money-value or sugar-value on each acre-day or acre-month. In first proposing 
sugar-per-acre-per-month as a standard for comparing yields, in the annual re- 
port of the Station for 1918, we had this to say : 

In comparing cane yields, the length of the growing season often varies to such an 
extent as to make the usual standard of tons-of-siigar-per-acre a deceptive one. We have 
recently found much of interest in comparing our cane yields at the Waipio substation on 
a basis of tons-of-sugar-per-acre-per-menth. The correct way to employ this standard is 
to throw all idle time and all growing time prior to cutting back into the period of the suc- 
ceeding crop, as this gives a value to this lost time and works tow’ard reducing it to a 
minimum. On plantations where land is abundant and there is opportunity to fallow, the 
})roposed standard of comparison has not the advantage that it will have on j)lantatious 
which ]>ractice intensive cultivation and desire to make the most of every area of land 
during every month in the year. 

With the knowledge, for instance, that a piece of land may j)rodiice sugar at the 
rate of .3 to .4 ton of sugar per acre, a single acre of land assumes a value potentially 
of a gross return of about one dollar ])er day, and lost time in getting a new crop under 
way can be rated accordingly. Such an estimate a])plies to the average of the ivhole 
year, but lost time in an active growing period assumes an enhanced valuation. 

The system also offers an opportunity of deciding accurately between the merits of 
long cr()])ping and short cropping. A field yielding 4.4 tons of sugar during an 11-month 
period is producing sugar at the same rate as a field which produced 10.8 tons of sugar 
in 27 months, though at first glance we arc apt to think that one is a poor yield and the 
other a very excellent one. 

It is interesting^ to observe that in giving” an illustration of this system of 
measuring yields three years ago, wc considered .3 or .4 lon-per-acre-per-monlh 
a satisfactory realization and gave .48 as the maximnni attained. At that time 
we looked on . 5 as a goal to achieve. 

In recently reporting the 1921 yields at Waipio, the developments of three 
years’ lime are reflected in yield figures that show an average of .553, a maxi- 
mum of .654, and a minimum of .383.* A yield that was satisfactory three years 
ago would today be amj)le cause for an investigation. 

While fertilizers and field methods, pei' sc, have played an important part in 
these better yields, such agents could not have been employed to the same ad- 
vantage without the attitude toward sugar production that gives a full considera- 
tion to the potential value of the acre-day. If this amounts to 37 pounds of sugar, 
all operations must be so regulated that 37 pounds will be realized in practice. 
Fertilization, irrigation, and other procedures must take place on schedule time. 
If some neglect must occur through adverse circumstances, such as a shortage 
of labor, we let it occur where it has the least eflfect on the potential production 
per acre-day. Careful estimations are required to determine such a point. This 
is one of many things that will make close technical supervision of all plantation 
operations a very profitable undertaking once its merits are recognized. 

IT. P. A. 


Part of this area was not fertilized. 
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Notes on Irrigation at the Waipio Substation. 


By J. A. Verret. 

The impression prevails in some quarters that to produce the rather large 
yields of cane reported from Waipio, great amounts of water are used. 

It was therefore thought that it would be of interest to report on the exact 
amounts of water used to produce the 1921 crop at Waipio. 

These figures are given in the following table: 



Field 

Irrigation 
Intervals 
— Days 

Total Aero 
Inches 
per Acre 

Acre Inches 
per Acre per 
Irrigation 


A, L. Ratoons 

21 

98 

4.7 


B, 

20 

138 

6.6 


C, '' 

21 

101 

5.0 


D, “ “ 

21 

145 

6.9 


E, 

20 

137 

6.5 


F, 

20 

140 

6.7 


a, 

21 

122 

5.8 


H, 

19 

118 

5.6 


T < < < i 



21 

131 

5.9 


s, 

21 

129 

5.9 


V, “ “ 

22 

133 

6.0 


V, “ I 

22 

119 

5.7 


No. 27, ^ 

21 

129 

6.2 


T, Plant ' 

17 

132 

4.6 


No. 19, Plant ^ 

16 

199 

6.8 


No. 37, R. Ratoon ^ 

1 

•• 

85 

... 


Average 

20 

139 

5.9 


Rainfall 

•• 

48 



Total 

1 

187 



Total water used = 21,073 tons per acre. 

SuG^ar produced = 9.85 tons per acre. 

Tons of water per ton of 8uj?ar = 

Experiment A, given above, was an irrigation test where part of the area 
was irrigated every other line. That accounts for the smaller amount of water 
used. 

From the above table we find that the average interval between irrigations 
was 20 days. This interval varies to some extent with the season. In the warm, 
fast growing periods we make the intervals ^somewhat shorter, while in winter 
they are longer. The 20-day interval given above does not include periods when 
there is no irrigation on account of rain, 

" The total irrigation water used amounted to 139 inches, the rainfall was 
48 inches, making a total of 187 acre inches per acre for the crop. 
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The average amount of water applied per acre per irrigation is found to 
be 5.9 acre inches. Thi.s is slightly more than the amount actually used per 
regular irrigation as it includes *‘dry spot'’ irrigation. 

A number of our fields contain pali’s which dry out faster than the other 
areas. These dry spots receive extra irrigations. 

The total water used amounted to 21,073 tons per acre. The average yield 
of sugar was 9.85 tons per acre. The tons of water per ton of sugar was 2,140. 

In reports read at the annual meetings at different times and including plan- 
tations on Oahu, Maui, and Kauai, the average tons of water per ton of sugar 
is given as 3,898, which is almost twice the amount used at Waipio. 

The water at Waipio is measured as it leaves the reservoir by means of a 
venturi meter. This meter has been carefully tested and is accurate. The seep- 
age from the reservoir is also included. 


Value of the Upper Joints of Cane. 


By W. L. McClekrv. 

It is known that the top of sugar cane contains less sucrose and mf)re im- 
])urities than the lower portions, though there seem to be few data regarding 
the manufacturing value of the upper joints, from which conclusions can be 
drawn as to the proper point for topping. There is ap])arcntly n(< information 
available concerning a common point of identification near the top of the stalks 
which is easily recognizable and that can be ap])lied to all sticks of cane. 

llrown and Blouin, in Louisiana Experiment Station, nulletin No. 91, report 
decreased coefficients of purity and increased amounts of glucose in \hi' juices 
oI)tained from succeeding joints of cane starting from the butt toward the top. 

Dr. Norris, in the Hawaiian Planters’ Record III, 128, gives results of 
some work done at this Station, Sam])les of cane were selected which had been 
topped so that about six or eight inches of the green leaves were left on the 
stalks. In each sample the toj), including the first joint below the green leaves, 
was separated from the rest of the stalk, and the juices from the tw(* portions 
analyzed .separately. The average of five tests showed : 


Brix Polarization J^irity 


Top J>.1 4.S 52.7 

Eomainclor PS.O ]().4 91.1 


In all of the above work the juices were extracted under varying condi- 
tions, and no data are given as to pressure apjdicd, nor information correlating 
the juice purities with the normal juice. It was therefore thought advisable 
to make a larger number of determinations in order to have as much informa- 
tion at hand as possible 

The greatest difficulty about an investigation of this kind is to find a ref- 
erence mark which is strictly comparable and capable of duplication with all 
sticks of cane. After examining a number of .sticks it was noticed on each. 
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that the first leaf tightly wrapped for the full, length of its sheath was attached 
to the node above the joint, which for the lack of a better expression we have 
termed the last weathered joint. The leaf growing from the lower node of this 
joint having started to separate has allowed it to become weathered and assume 
an appearance of maturity. While this point is not all that could be desired 
as a reference mark, it seems to be fairly capable of being duplicated on all 
stalks of cane. This point can also be recognized on burned cane, as the tightly 
wrapped green leaves are not affected by the fire. 

The accompanying illustration shows one cane top, A, with the leaves re- 
moved. P) is a top with the leaves removed to the lowest tightly wrapped leaf. 
C shows the sections made by cuts at the center of the different nodes. The 
last weathered joint described above lies between the figures two and three, and 
has a white thread tied around its center in both A and 11. 

As a preliminary experiment, 20 sticks of H lOO cane grown at the Ex- 
periment Station were used, large, .small and medium sized sticks being included. 
Cuts were made at points indicated by lines in the illustration. The joints taken 
for analysis were those opposite Nos. 1, 2. 3 and 4. The adhering leaves were 
included in the samples. It will be noted that Samples 1 and 2 were below the 
center of the last weathered joint, and 3 and 4 above. 

The samples were chopped very fine so that the largest pieces were not 
over a (|uarler inch in diameter. They were then placed in bags and the juice 
expressed under about 1200 lbs. pre-ssure per scpiare inch. Tlie analyses made 
included llrix, polarization, sucrose, glucose and ash on the expressed juice, 
and fiber, moisture and polarization on the residual cake. Records were made 
of weights on all samples so that the analysis of the original cane could be re- 
constructed. The stalks below sample No. 1 were ground in a snudl mill, e.x- 
pressing about of the juice. Following are the analyses: 

JUICE 


Joint 

Rrix 

1 Ap. Pur. 

Gr. Pur. 

Glucose 

Ash 

Juice 
^'/r Cfino 

Juice 

9r Juice 

Glucose 
to Ash 

Sucrose 
to Ash 

No. 0 .. 

21.4 

! ill. 8 

.... 







No. 1 .. 

19.4 

! 80.2 

1 

81.4 

1.05 

0.82 

73.5 

81.9 

1.28 

19.29 

No. 2 . . 

18.0 

1 73.8 

75.3 

1 1.42 

0.93 

75.0 

i 83.3 

1.53 

14.58 

No. a . . 

in.o 

, 60.6 

68.9 

1 1.76 

1.11 

75.0 

83.4 

1.59 

9.92 

No. 4 . . 

14.1 

1 56.1 1 

58.1 

2.10 

1..33 

75.0 1 

83.3 

1.58 

6.16 


“0” is the juice from the remainder of the stalks below joint No. 1. 


RESIDUAL CAKE 


Joint 

Per 

Cent 

Pol. 

Fiber 

Moist- 

ure 

1 Solids 
Not. 
i Pol. 

Pur. 

Residual 

J uico 

No. 1 

26.5 1 

8.6 

38.7 

50.0 

: 2.7 

76.1 

No, 2 

25.0 

7.7 

39.6 

50.0 

2.5 

75.5 

No. 3 

25.0 

6.4 

40,2 . 

50.7 

i 2.7 

70.3 

No. 4 

25.0 

5.2 

40.0 

50.9 

! 3.9 

57.1 
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A, C’ane toj) with its leaves removed. B, Similar top with the leaves removed to the lowest 
tightly wrapped leaf. C, Sections made by cuts at the centers of the different inter- 
nodes. 
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CANE ANALYSIS CALCULATED FROM ABOVE DATA 


Joint 

Sucrose 

i 

Fiber | 

1 


Normal tTuice 


Brix 

Pol. 

Ap. Pur. 

Gr. Pur.* 

No. 

■ 

1 

13.9 

10.3 j 

19.3 

15.3 

79.5 

80.6 

No. 

2 

12.1 

10.0 1 

17.8 

13.2 

74.1 

75.3 

No. 

.3 

9.9 

10.1 i 

15.9 

10.7 

07.2 

69.4 

No. 

4 

7.4 

10.0 1 

14.3 

8.0 

56.3 

57.9 


* The apparent and gravity purity of the juice left in the cake was assumed to bo 
identical. No appreciable error is introduced by using this figure. 

In applying the S. J M, formula to these results the writer has used the 
gravity purity of normal juice and assumed a final molasses of 37 gravity purity. 
This the writer believed to be conservative, for it will be noted that the purity 
used is the gravity purity of the normal juice and not that of the expressed 
juice. Under factory conditions the purity of the juice recovered should be 
somewhat higher than the normal juice purity. The above assumption makes 
no allowance for increase of purity during clarification. Such an increase might 
reasonably be expected. In the joints where the purity is lowest the glucose is 
high, a factor which favors the production of low purity molasses. With the 
assumption indicated above, using the S. J. M. formula the following percent- 
ages of total sucrose are recoverable 

Joint No. 1 85.9% Joint No. 3 74.2% 

2 80.8% 4 57.4% 

The weight of the topped cane was 52.25 lbs. The following tal)le shows 
the percentage the different samples bore to the weight of topped cane, and also 
the percentage the recoverable sucrose in different joints bears to the recover- 
able sucrose in the cane. 


Joint No. 

Weight 

1 

Per Cent 

Stalks 

52.25 lbs. 

100 

1 

2.75 

5.26 

2 

2.50 

4.78 

3 

2.30 

4.40 

4 

2.05 

3.92 


Total 

Sucrose 

Recoverable 

Sucrose 

1 Per Cent 
j Recoverable 

8.10 lbs. 
0.38 

0.32 

1 

1 4.0 

.30 

.23 

2.8 

.23 

.16 

2.0 

.15 

.09 

1.1 


The amount of recoverable sugar decreases very rapidly in the succeeding 
portions of cane examined; nevertheless the highest joint examined (No. 4 
in the illustration) contains juice capable of at least as high a recovery as No. 
2 massecuite. In this case the recoverable sugar in this joint amounted to over 
1% of the recoverable sugar in the cane. From a manufacturing standpoint 
such material as in joint No. 4 is valuable, though the extra recovery is not net 
gain, for there are harvesting and transportation charges also to be assessed 
against it. 
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The above investigation covers but a single case, and that rather incom- 
pletely, for it would be desirable to also have the analyses of joints Nos. 5 and 
6. When this experiment was started it was expected that data on joints 1 to 
4 would cover all information desired. 

While this work can only be considered as jjreliminary, the calculations 
show these upper joints to be more valuable than they are usually considered. 
The writer believes it most desirable to investigate this subject thoroughly, par- 
ticularly as the “last weathered joint” as described above apj)ears to furnish 
a satisfactory reference point for such an investigation. 


Bud Selection and Increased Yields. 


By A. I). SiiAMEi.. 

A very striking instance of the importance of hud selection as a means for 
increasing crop yields has recently come to the writer’s attention. It is one of 
a constantly increasing number of illustrations which demonstrate and prove 
beyond all question of doubt the practical value of bud selection work for in- 
creasing and imjiroving the yield of all plants which are propagated vegetatively. 

"Idle Canadian Agricultural Experiment Station began many years ago a 
variety test of apples at the Central Experiment Farm, Ottawa. The variety 
orchard contained a few trees each of a large number of varieties. The pur- 
pose of the experiment was to determine whether or not any of the varieties 
tried would be adapted for commercial apjile production in eastern Canada. 

In 1906 individual tree records of yields of production were begun in the 
variety orchard as a means for securing definite evidence as to the value, if any, 
of the varieties for commercial propagation. The Wealthy variety was found 
to be the only one which seemed to possess the essential qualifications for com- 
mercial production. Of the trees in the orchard of this variety, three were 
found to have characteristic yielding habits. 

The three Wealthy trees were normal, healthy, and possessed the same 
vegetative and fruit strain characteristics. As a result of eight years of indi- 
vidual tree performance records it was found that onq of them produced com- 
paratively high yields, one characteristically regular annual yields, and one con- 
sistently low yields. In other words, of the three Wealthy trees one produced 
the greatest total crop, one a somewhat lighter yield than the hc<iviest j^roducer 
but more regular crops, while the third produced a low total yield. The total 
yields of the three Wealthy trees for a period of eight years was as follows : 

Heaviest yielding 104)4 gallons * 

Regular yielding 78)4 gallons 

Poorest yielding 41 gallons 

* The unit of measurement used in these performanee records was the English dry 
gallon which contains one-eighth of a bushel. 
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It should be borne in mind that there were no apparent strain differences 
in the three Wealthy trees. The only difference observed, except yield, was the 
somewhat smaller size of the low yielding tree. The foliage and fruit charac- 
teristics were the same so far as anyone could see them. 

In 1906 scions were taken from each of the three parent Wealthy trees. 
The scions from the high yielding tree were root grafted upon stock which had 
been carefully selected as to size and other physical characteristics. The scions 
from the most regular bearing tree were similarly root grafted to those of the 
high yielding tree. The scions from the low yielding tree were root grafted in 
the same way as those from the other parent trees. Twenty-five scions from 
each tree were root grafted and the whole lot set out on as uniform land as it 
was possible lo find at the experiment station farm. These young trees consti- 
tuted a progeny planting. The purpose of this progeny test was to discover 
whether or not the yielding power of the three parent Wealthy trees was trans- 
mitted through budding. This progeny planting arrangement is similar in some 
respects to the present progeny cane fields on the sugar plantations in the Ha- 
waiian Islands. 

When the writer first learned of the Canadian apple bud selection study, 
late in the summer of 1912, he immediately went to Ottawa in order to study 
the conditions at fir.st hand. The horticulturist, W. T. Macoiin, very kindly 
showed the writer the parent trees, the progeny planting, and all of the records 
in this investigation. 

It was found that the parent trees were located in the variety orchard as 
neighboring trees, but upon rather uneven or ridged land. The question imme- 
diately arose as to whether the differences in their 'yields were due to differences 
in the local soil or environmental conditions, or were the result of inherent in- 
fluences. The only w'ay by which this question could be solved w'as through 
the progeny test. 

The young progeny trees were not in full bearing at the time of the writer’s 
visit to the Ottawa Experimental Farm. However, some differences in the be- 
havior of the young progenies were noticed which indicated that inherent dif- 
ferences existed in these progenies. The progeny trees from the low yielding 
parent tree were smaller than those of the other progenies. The progeny trees 
from the two high yielding parent trees had begun to bear fruit, while those 
from the low yielding parent tree had not begun to produce apples. The strain 
characteristics of the young trees in all three progenies were the same so far as 
the writer or his host could discover. 

In the December, 1921, is.sue of Scientific Agriculture, the official organ of 
the Canadian Society of Technical Agriculturi.sts, M. B. Davis, Assistant Hor- 
ticulturist of the Central Experimental Farm, Ottawa, presents a report of the 
behavior of the progenies of the three parent Wealthy apple trees. A brief sum- 
mary of this report is presented in order to show the facts in this investigation. 
It is not possible here to give the full details as shown in the report, but enough 
data will be presented to show the important discoveries of this conclusive study. 
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TABLE SHOWING RANK OF PARENT TREES AND RANK AND YIELD OF 
PROGENIES FOR A PERIOD OF NINE YEARS 


Rani? of 

Rank of 

Yield of 

Parent Trees 

Progeny Trees 

Progeny Treesj 

Heaviest yielding 

Heaviest yielding 

57. IH gallons 

Most regular yielding . . 

Most regular yielding . . 

4S.,‘1S gallons 

Poorest yielding 

Poorest yielding 

:15.22 gallons 


In addition to the very significant and important facts as shown in tlie 
ahove table, it should also be stated that the prognies differed very markedly in 
their ability to survive under the very adverse climatic conditions at (Ottawa. 
This point is also of particular significance in connection with our sugar progeny 
work in Hawaii. 

Of the original 25 trees in the progeny from the heavy yielding ])arent tree, 
17 survived. Of the 25 progeny trees from the most regular l)earing ])arent 
tree, 12 survived. Of the 25 i')rogeny trees from the ])oorest yielding ])arent tree, 
<S survived. In other words, the progenies from the most productive parent 
trees survived best under the stress of adverse environmental conditions. 

In order to eliminate root stock influence, a second ex])erimcnt was carried 
on during the same ])eriod as the first .study. In this ex])eriment scions from 
each of the three parent \\'ealthy trees were to])-worked upon a large Russian 
tree. In this case all three parents were grown upon the same individual stock. 
Five top'Worked trees were used in this ex])eriment, the positions of the scions 
in each case being changed in order that on the different top-worked trees all 
of the progenies would have the same exposure to light, wind, etc. 

The results of this progeny test were even more striking than those shown 
for the first or root-grafted progeny test. The differences betwx^n the yields 
of the progenies from the heavy producing parent trees and that of the i)rogeny 
from the poor yielding ])arent tree were much greater than the results shown 
for the root grafted progeny trees. 

These results, in a fruit that some horticulturists have said was an excep- 
tion ^o the general rule in response to bud selection work, are of excei)lional and 
valued importance to everyone interested in this work. They demonstrate un- 
disputably the practical importance of bud selection and progeny work as a 
means for improving yields. 

In sugar cane the number of stalks in a stool may be roughly compared to 
the number of fruit bearing branches in the a])])lc trees in the experiment just 
described. In other words, in both erases it is a question of quantity. The 
apple study shows that quantity of fruit is an inherent character. The writer 
believes that in sugar cane the quantity of stalks in a stool, or the amount of 
sugar in the stalks, are inherent characters. In the studies with stool selections' 
in sugar cane now being carried on by the Experiment Station of the Hawaiian 
Sugar Planters’ Association there is abundant evidence to support this belief. 
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Furtheniiore, in our sugar cane bud selection studies we have found definite 
strain characteristics and have isolated strains in each of the varieties under 
investigation through bud selection. With this fact in mind and considering 
the wide range for the selection of parent stools, as compared with the limited 
number of parent apple trees to select from, may we not expect even much 
o^reater results than were found in the Canadian apple study ? 


Fig Trees for Hawaiian Forests. 


By H. L. Lyon. 

It is now quite unnecessary for us to call the attention of any agriculturist 
in Hawaii to the fact that our native forests are rapidly disappearing and that 
Dur watersheds are already bare in many places. It may be held a certainty 
that if sugar cane culture is to be continued in these Islands on the .scale which 
it has now attained, existing forests must be rehabilitated and additional forests 
:reated, for if suitable blankets of vegetation are not maintained on our import- 
int watersheds they will fail to yield the constant supply of water which our 
agricultural projects demand. 

Adequate protection of our native forests will serve to prolong their ex- 
istence, but cannot keep them with us indefinitely. There are natural and un- 
:ontrollable factors now operating which will eventually eliminate the native 
Forest trees, or at .'least reduce their numbers to such an extent that they will no 
longer constitute an adequate forest cover. The only method of procedure there- 
fore by which we can hope to rehabilitate our old forests and create new forests 
is to plant introduced trees which will be able to thrive and spread in spite of 
the opposing factors which are proving too strong for our native forest trees. 

All forest planting on the uplands in these Islands will be done for one of 
two purposes, either to secure trees for commercial timber, or to secure trees 
For watershed cover and the conservation of moisture. Watershed areas which 
uust be reforested for water conservation only, are far more extensive than the 
ireas suitable for commercial plantings. EHie to the very broken condition of 
Dur watersheds it would cost more to get the timber out of most sections than 
t would be worth, and so it is quite out of the question from a practical stand- 
point to make commercial timber lots out of our watersheds. If we should 
pnce get them covered with good commercial timber, its value in conserving 
ivater would be so great that we could not afford to cut it off, denuding our 
ivatersheds and jeopardizing our water supply. The water-conserving proper- 
:ies of a good forest cover on our watersheds is lof far greater value to us than 
my crop of commercial timber that we can possibly grow on these watersheds. 
Ft seems, therefore, that in selecting trees to cover our watersheds we do not 
leed to select species fulfilling any requirements other than that they will become 
romponents of a suitable water-conserving forest. 

The most casual consideration of our forestry problem will show that we 
:annot hope to cover all of the denuded areas by planting out the necessary 
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number of trees one by one. A procedure of this sort would require unlimited 
time, labor and money, and we cannot afford to concede any of these to our 
program. Our first aim therefore has been to find trees which not only promise 
to become suitable components of cur rain-forests, but which at the same time 
show capabilities of being spread by natural agencies, such as wind, water, and 
birds. To enlist such trees in our reforestation work we have but to plant groups 
of each species at intervals on our watersheds, and as soon as the trees reach 
the fruiting stage they will be spread by natural forces without further attention 
from us. 

In order to secure the forest conditions which we desire over all of our 
watersheds we must reforest areas presenting two distinct conditions: first, 
areas whicli are quite denuded of forest cover, and second, areas which still 
carry a decrepit native forest. In seeking trees which will be spread by natural 
agencies under the existing conditions we must find some trees which will spread 
in the open areas and other trees which will spread in the areas still partially 
covered by forests. 

In searching for trees which fulfill all of the requirements enumerated above 
we have reached the conclusion that many species of the very large genus Ficus 
can be relied upon to accomplish much in the building; of new forests and the 
revivification of the old forests on our watersheds. There arc over 600 known 
species of Ficus or fig trees, which are widely distributed throughout all the 
tropical regions of the globe. It is most remarkable that no species of fig was 
a natural immigrant to these Islands, for there are many s])ecies in Central and 
South America and a very large number in Australia and on the Asiatic conti- 
nent. Most of the progenitors of our native plants were immigrants from these 
continental regions and it seems remarkable that trees so well adapted to long 
migrations as are the figs did not become established here in early times. They 
did migrate to most of the tropical islands in the Pacific, and we find many spe- 
cies endemic in the Fijis and Samoa, while the little island of Cuam is blessed 
with several species. It may be that they did arrive here, but that their natural 
reproduction and distribution was prevented by the non-arrival of the specific 
insects which are essential to their seed production. Had one or more species 
of figs become established in these Islands in early times it is safe to say that 
we would not have to deal with the serious forest problems which now con- 
front us. 


Seed ProdI'CTiox and Dissemination in Ficus. 

All species of Ficus have a very highly specialized mechanism for the pro- 
duction and dissemination of their seeds, but the operation of this mechanism 
is only possible through the assistance of certain wasps whose reproduction is 
intimately associated with and dependent upon the seed production of the fig 
plant. There is a particular species of wasp associated with each species of fig, 
the wasps from one species not being able to operate the seed producing mech- 
anism of another species of fig. 

The minute flowers of the fig are produced within a closed receptacle which 
eventually becomes the fleshy body commonly called a fig. The flowers are 
always unisexual, the male and female apparatus being produced in different 
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flowers which are in some species located in different receptacles. When male 
and female flowers are produced in the same receptacle they do not mature at 
the .same time, and consequently pollenation of a female flower can be effected 
only by pollen coming from some other receptacle. The transfer of the pollen 
from one receptacle to another is accomplished by the wasps, which are in reality 
parasites of the fig as they breed in the fig flowers. The female flowers in a 
receptacle mature while the receptacle is quite small. The female fig wasps 
enter these small receptacles and deposit their eggs in many of the female flow- 
ers. These eggs hatch and the wasp grubs obtain their nourishment from the 
ovary of the flower. Eventually these grubs pupate and come out into the re- 
ceptacle as mature insects. These newly emerged wasps mate while they are 
still in the receptacle, then the females bore their way out and migrate to young 
receptacles on the same tree or another tree, where they seek female flowers in 
which to deposit their eggs. While the female flowers in a receptacle mature 
at the time the w'asps enter, the male flowers in the same receptacle mature when 
the new generation of wasps are leaving the receptacle. As the female' wasps • 
move about in the receptacle before leaving it they become covered with pollen 
from the recently matured male flowers and cor^quently when they enter a 
new receptacle they are covered with pollen whicntfiScomes distributed on the 
stigmas of many of the female flowers and brings about thetr fertilization. 
Hence while young wasps are developing in the ovaries of some of the female 
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flowers, seeds are developing in the ovaries of other female flowers in the same 
receptacle. 

Under such an arrangement one might expect that in some receptacles the 
wasps would deposit eggs in all of the female flowers and consequently there 
would be no chance for seed development. The wasps may actually try to lay 
their eggs in all of the female flowers in a receptacle, but the fig plant insures 
that the insect will not succeed in this attempt by producing two types of female 
flowers, one with short styles and the other with long styles/ In depositing its 
egg in a female flower a wasp thrusts its ovipositor through the stigma down 
the center of the style into the ovary, where it lays its egg. In a long style:! 
flower the wasp is unable to. reach the ovary and consequently deposits no egg 
therein. Hence wasps develop only in the ovaries of the short styled flowers, 
while the long styled flowers produce fig seeds. 

As the tiny fig fruits, each containing a single hard seed, mature within 
the fleshy receptacle or fig the latter becomes soft and sweet and is greedily eaten 
by many birds, bats, and mammals. The germinating power of an uncrushed 
fig seed is not injured during its passage through the alimentary canal of bird 
or beast, and hence if dropped in a suitable place it may give rise to a new fig 
tree. Many species of Ficfts start out in life as seedlings growing in the ground 
just as do the majority of forest trees, but there are also many sj^ccies which 
prefer to begin their existence as seedlings i)erched upon the branches of other 
trees or upon old stum])s. 1'hc seeds of these figs reach their elevated positions 
in the droi)pings of birds or bats which have fed upon the fruits. These perched 
seedlings send out long roots, which usually travel along the l)ranches and trunk 
of the tree which supports them until they reach the ground. Having estab- 
lished connections with the soil the roots thicken up and usually fuse together 
laterally into a meshwork around their host, eventually encasing its trunk com- 
pletely. Ilecause of this habit of closely embracing the trunk and branches of 
the tree on which it has perched these figs are known as strangling figs, and in 
due time they actually strangle their host, but in order to do this they must 
replace it with a larger tree. Strangling figs may be considered objectionable 
in a commercial fore.st, for they sometimes replace a valuable timber tree witlr 
a tree of less commercial value, but in a rain-forest they are extremely valuable, 
for they always produce a larger tree than the one which they overcome. 

It should be obvious that certain species of Ficus may be relied upon to 
accomplish much in the reforestation of our watersheds. They will not only 
spread spontaneously over the denuded areas, but they will become distributed 
through our decrepit forests and create therein a substantial element which will 
])rotect and strengthen the weaker trees which are unable to maintain them- 
selves under existing conditions. Fig trees arc notoriously hardy and thrive 
under abuse that would be fatal to the majority of trees. It is quite certain that 
live stock will never cause the death of the trees in a fig forest, and if we can 
induce these trees to become an important factor in our forest flora we need 
not fear that the temporary invasion of cattle will bring about such serious com 
sequences as are sure to follow such an occurrence in our native forest. We do 
not mean to give the impression that fig trees alone may be relied upon to com- 
pletely reforest our watersheds, but we do believe that they will become very 
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important self-distributing elements in all of our new rain-forests, even as figs 
now are in the rain-forests of most tropical and semi-tropical countries. 

. Economic Products From Fig Trees. 

There is very little information to be found in literature regarding the 
timber and fuel value of the woods produced by the various species of Ficus, 
but such as we have found leads us to believe that as a rule these woods are 
soft, light and coarse-grained, and consequently of little economic value. The 
India rubber tree, Ficus elasjtica, yields a rubber of high quality. In the early 
days of the rubber industry this tree was planted on a large scale in Java for 
the production of rubber. As a forest tree it is one of the most desirable types 
which the genus Ficus affords. If planted extensively in our forests it might 
eventually become a source of revenue through the production of rubber, for 
the latex could be gathered without injuring the trees and it could be transported 
from sections from which timber could not possibly be removed. 

Fig Trees Now Growing in H.^waii. 

A survey of the flora of Honolulu for trees of the genus Ficus shows that 
there are twenty-two species already represented here by flowering specimens. 
To render these trees seed-bearing it is only necessary to introduce the fig wasps 
peculiar to each species. Among the twenty-two species the following can be 
employed to advantage in our forestry work: F. Bengalensis, F. Benjamina, 
F. elastica, F. hispida, F. infectoria, F, macrophylla, F. rcligiosa, F. rctusa, F. 
rubiginosa, F. Rumphii. Attempts have already been made to introduce the 
wasps associated with five of the species named above, but thus far only those 
peculiar to the two Australian species, F. macrophylla and F. rubiginosa, have, 
for a certainty, become established in local trees. 

The Moreton Bay Fig. 

Among the several species of Ficus enumerated above Ficus macrophylla, 
the Moreton Bay fig of Australia, deserves special attention. It makes a splen- 
did forest tree, attains very large dimensions, and adapts itself to a wide range 
of conditions. There are four fine specimens of this fig in Honolulu. One of 
these, which stands in Emma Square, is illustrated on the accompanying page. 
(Fig. 2.) Additional specimens have been located at Ewa on Oahu, at Puuo- 
nialei on Maui, and at Honomu on Hawaii. '.This tree is growing in California 
as far north as San Francisco, where it survives occasional light frosts. In 
Australia it is said to be very resistant to drouth, but delights in ample moist- 
ure. On the basis of this information we may reasonably conclude that this fig 
will thrive in Hawaii from sea-level up to an elevation of 6000 feet or more. 

C. E. Pemberton, who has spent the greater part of the past year in 
Australia, has made a careful study of this tree, supplying us with much ac- 
curate data regarding its habits and those of the insects which are associated 
with it. He has consulted several eminent botanists in Australia, describing 
to them the uses which we plan to make of this tree, and they have enthusi- 
astically rwommended it for the very purpose which we expect it to accom- 
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Fifj. 2. Ficn.s mavrophyUa, A large Mereton Bay fig sfantling iu Kiuma Square in Honolulu. 
This tree lias a sprea^l of fully 100 feet. 
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plish here in Hawaii. Mr. Pemberton has sent the living fig wasps which are 
associated with the Moreton Bay fig to Honolulu and they have become estab- 
lished here, causing our local trees to produce viable seed for the fir.st time. Mr. 
Pemberton also obtairtpd and forwarded to us large quantities of seed, from 
which we have reared over 100,000 seedlings. These seedlings are now being 
j)lanted out in groves on our watersheds in many parts of the.se Islands. When 
in a few years the resulting trees have reached the fruiting stage we shall only 

have to distribute the insects to our 
many groves, and each grove will at 
once become a source from which 
seeds will be spread by birds to the 
remotest parts of our watersheds. 

A properly matured fruit of the 
Moreton Bay fig is an inch or more 
in diameter. It has a very attractive 
appearance and a pleasant flavor. 
When the tree in Emma Square pro- 
duced its first heavy crop of fruit it 
was visited by many people of the 
neighborhood, ’who gathered the fruits 
as fast as they fell from the tree. 
One of the.se collectors informed us 
that the fruits made excellent pies and 
puddings. 

It has been stigge.sted that the 
Moreton Bay fig may become a nuis- 
ance in pasture lands, but Dr. Maiden, 
Government Botanist of New .South 
Fig. 3. Ficus macrophylla. A larp forest recommends that it he planted 

grown spocimen exposed by the cutting down , . . ^ . /. 

of the surrounding trees. For dimensions O" Concerning this tree 

see text. Re writes as follows: 

It will grow amongst rcclis where scarcely anything else will grow, and it will 
stand being blown, upon by fierce winds and being hacked about and otherwise ill-used. 
I admit that it can be put in the wrong place; but a Moreton Bay tig with plenty of 
room, so that it can livci its life,, is, one of the most beautiful of trees, whilo its foliage 
and fruit are nutritious to ^tock, and its umbrageous head affords a grateful shade. . . . 

Bearing iii mind the way in which these and other native figs flourish exceedingly in 
the poorest soil, that cattle^ devour the leaves and branchlets greedily, that they will submit 
to persistent hacking back to an extent which will kill most other trees, it seems a matter 
for consideration that- these trees should always be planted for shade purposes on dairy 
farms, and they should even be planted as a reserve of fodder in stony, sterile places 
where no grass will grow. 

Our illustration (Figure 3) is from a small photograph of a Moreton Bay 
fig taken by Mr. Pemberton, who supplies the following data regarding the 
subject : 

Ficus macrophylla. Typical forest shape when growing naturally. The surrounding 
forest was removed a few years ago. Height over all 232 feet, trunk to first branch 100 



85 



Fig. 4. Ficus ruhiffiitosa, A large speeimen of the Port Jackson fig growing by the siilo of 

the old Tantalus road. 
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feet, circumference 7 feet above ground 57% feet. Photo taken from point 300 feet dis- 
tant from tree. 

While Ficus macrophylla will no doubt spread naturally to some extent in 
the open country, it prefers to begin its life as a seedling perched upon some 
other tree, and consequently we may rely upon it to spread in our dead and 
dying native forests, reinforcing these with strong growing trees which will 
eventually attain very large dimensions. 

The Port Jackson Fig. 

Another Au.stralian fig which promises to become an important factor in 
our forests is Ficus rubiginosa, the so-called Port Jackson fig. Mr. I^emberton, 
who has made a very careful study of this tree in its native haunts, expresses 
the opinion that it will prove even more serviceable to us that the Moreton' Bay 
fig. He finds that in Australia it thrives in the driest situations and young seed- 
lings may be found establishing themselves on exposed rocky hillsides where 
other vegetation is unable to survive. 

We know of only a single large specimen of the Port Jackson fig in Hono- 
lulu, and this occurs by the side of the old Tantalus Road among eucalyptus 
trees. There are also five young trees in the grounds of the Federal Experiment 
Station. Our attention was first called to the large tree on the slopes of Tanta- 
lus about two years ago by Mr. Lorrin Thurston, who desired to know its name 
and country of origin. Mr. Thurston stated that this tree had first attracted 
his attention by its conspicuous ability to resist drouth. He had noticed on more 
than one occasion when the neighboring eucalyptus trees were seriously suffer- 
ing or actually dying because of drouth this tree seemed to be experiencing no 
inconvenience, but maintained its foliage in a thrifty, growing condition. Mr. 
Thurston recommended at that time that steps be taken to distribute this tree 
over the dry foothills of our mountains. It certainly promises to become an 
important component of our lower barrier forests and may also enter into plant 
formations at elevations up to five or six thousand feet in some sections of these 
Islands. This tree has the reputation of being one of the most hardy trees to 
be found in Australia. In addition to being very resistant to drouth, it will 
survive all sorts of physical abuse, as is evidenced by the record of the s])eci- 
men illustrated in Figure 6. 

During the early months of 1921 Mr. Pemberton gathered a very large 
amount of seed of the Port Jackson fig in Sydney and forwarded it to us in 
Honolulu. From this .seed we have reared upwards of 150,000 seedlings, many 
of which have already been distributed for planting out on our watersheds. We 
still have a large number of these seedlings on hand in our nursery in Honolulu, 
and we most earnestly solicit the cooperation of everybody interested in the wel- 
fare of these Islands in getting these trees into the ground over as wide a range 
as possible in order that this species may become established and actively par- 
ticipate in the spontaneous reforestation of our denuded watersheds. 

The Cedar Fig. 

A third Au.stralian fig which Mr. Pemberton recommends highly for use 
as a forest tree in Hawaii is the so-called “Cedar Fig,” Ficus Henneana. Trees 
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Fig. 5. Ficus ruhifjinosa. A tree ten years oM from seed growing at Childers, Queensland. 

Fig. (). Ficus riihifjinosa. This stump was grubbed nut of the ground and allow’ed to lie 
around for a week or more before being set out again. The photograph shows the growth 
which it had made within the first year after being ]>laced in its present position. 


of this s])ccies never grow to the large size attained by specimens of the Port 
Jackson and Moreton Pay figs. They are moderate sized trees of fine shape 
and ai)])earance, and produce large fruits which arc very ])alatal)le to humans 
as well as to birds and bca.sts. ^Ir, Pemberton has supplied us with quantities 
of seed of Picus H cuncana. from which we have reared a very large number of 
sturdy seedlings, only a few oi which have as yet been distributed. They arc 
available to anyone desiring to plant them out. 

Otiipr Acstraltan Fk; Trki:s. 

There are over twenty species of Ficus growing as wild forest drees in Au.>- 
tralia. While most of these are peculiar to Australia, a few species, such as 
F. Bcnjamina, F. glouicrata, F. hispida and F. refusa, range throughout the ]\Ialay 
Archipelago, India and Southern China, The three species, F. macrophylla, 
F. rubiginosa and F. Henneaua, which we have already introduced into Hawaii, 
are probably the best of the Australian figs for our purposes. We have ob- 
tained seeds of some of the others in small quantities, from which we have 
reared a few seedlings, sufficient to test out the varieties under our conditions 
here in Hawaii. If they prove to be trees of exceptional merit we can easily 
secure seed in quantity and spread the seedlings to the same extent that we 
are now attempting to spread the Moreton Bay and Port Jackson figs. 

(To bo concluded.) 
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Orientation of Cane Rows. 

In connection with the orientation of cane rows, F. M. Anderson, Manager 
of Paauhau Sugar Plantation Company, has furnished us information from The 
Louisiana Planter, commented upon by the Australian Sugar Journal, and sup- 
plemented by certain observations zvhich he has made at Paauhau. 

From The Louisiana Planter: Orientation, Its Effect Upon Plant 

Life and Growth. 

Orientation has been a new point in the culture of plants and much experi- 
mented with wherever efforts have been made to secure the greatest amount of 
heat and of sunlight for the benefit of the growing crops. In sugar cane this 
has been quite a special matter, and yet in Louisiana the tortuosity of the Missis- 
sippi River and adjacent streams and the general drainage of the plantation 
country in the alluvial lands away from the higher front lands to the lower rear 
lands, have compelled in nearly every instance the adoption of row planting, so 
that the sugar cane rows may go from higher to lower levels in order to secure 
the best drainage practicable. This being an accepted fact, it has perhaps been 
forgotten that orientation still has all of its original advantages. The sun rising 
in the east at its lower levels, gradually ascending until at midday in the tropics 
it becomes vertical, and its progress on to the western horizon gives those fields 
that are orientated an advantage in exposure to the sun’s light and the sun's heat 
that is not always availed of, nor even understood. 

The opinion of good cultivators of sugar cane in those countries where sugar 
cane is planted in rows has always varied more or less as to the distance that 
the rows should be apart. Rows five feet apart are scarcely wide enough apart 
to permit two-horse or mule cultivation. Such cultivation as can be done in 
fields of that kind would generally have to be done with straddling implements, 
or with the use of but one mule. With two mules the cultivator axle must be 
sufficiently high to pass over the growing crop without injury. Many years ago 
five feet rows were abandoned and six feet rows were adopted as the common 
standard, with exceptional widths of seven and even of eight feet ; the more 
widely apart the row the greater is the range of sunshine that can be utilized. 
Eight feet rows have been known to produce better results than six feet rows, 
but perhaps there were other conditions rendering the general result not fairly 
comparable. 

As human labor grew scarcer and the sugar crops became less remunerative, 
every imaginable device for weed killing has been utilized to meet the economic 
exigencies. One of these would be to have the least available tillable ground 
between the rows and thus to induce the plant to shade the ground at an early 
date. Sugar cane in five feet rows would shade the ground far more quickly 
than sugar cane in six or seven feet rows, all other conditions being equal. As 
the wider rows are preferable, permitting two-horse culture between the rows, 
our leading sugar planters have been rather loth to discontinue that kind of work, 
experience having shown that with our fertile soil and luxuriant growth of weeds 
and grasses, it is almost impossible to keep the fields clean and clear of weeds 
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without the turning plow, whether used in the hands of the plowman as a single 
implement, or whether combined with others and mounted on wheels. 

As to the orientation of the cane crop in Louisiana, the merits of the method 
and the desirability of securing what orientation can be had are present problems 
that have never yet been solved, but may be in the future. 

On the other hand, we find that in Czecho-Slovakia, Dr. Greisenegger has 
been experimenting with the question as to which beets yield the best results, 
those planted north and south, or those planted east and west. The experiments 
have been watched with considerable interest and have occurred over consider- 
able areas in endeavors to ascertain definite data, but the problem apparently is 
still unsettled. Where moisture would be at a minimum, and where other con- 
ditions remained about equal, it was ascertained that in rows running from east 
to west the beets were of the best sugar content and produced the largest num- 
ber of beet leaves, and the opposite result was obtained where the rows were 
jdanted north and south, the reverse way. A compromise was made and rows 
were ])lanted running from northeast to southwest, and this showed a less sugar 
content than the east and west method, but with a better output than the direct 
north and south planting. 

From Thk Australian Sit.ar Journal: Dirkction of Cane Rows. 

Probably the direction of cane rows in the field is determined, as a rule, by 
questions affecting the convenience of working the land and keeping the crop 
clean, and without any sj>ecial regard for the compass bearings of the lines. That 
this latter has some points worthy of consideration may be gathered from in- 
vestigations relating to other crops, and in view of the known effects of sun and 
prevailing winds. An article in a recent issue of The Louisiana Planter deals 
broadly with this subject, (^n the banks of the Mississippi it is found necessary 
to plant in such directions as to permit of the cane rows running from higher 
to lower levels, thus securing the best possible drainage. There is also the ques- 
tion of the sun’s rays, it being a recognized fact that light and heat are of prime 
importance in the growth of sugar. It is admitted that the ‘‘orientation of the 
cane crop in Louisiana, the merits of the method, and the desirability of securing 
what orientation can be had, are present problems that have never yet been solved, 
but may be in the future.'' In this connection we presume that the word “Ori- 
entation" is designed to mean the arrangement of the cane rows in an east to 
west line. 

It seems that in Czecho-Slovakia experiments in the growth of beets have 
been conducted with this question in view. According to the Planter, it ap- 
pears that whenever moisture was at a minimum and where other conditions re- 
mained about equal, the beets in rows running from east to west were of the best 
sugar content and produced the largest number of leaves ; and the opposite result 
was noted where the rows ran north and south. Rows arranged northeast and 
southwest gave a better output than the north and south rows, but inferior to 
that of rows planted east and west. The subject may be worthy of observation 
in our own cane fields of equal fertility, but differing in the direction of the rows, 
where this has occurred. 
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Observations at Paauhau. 



Area 

Tons Cane 
per Aero 

Quality 

Ratio 

Tons Sugar 
per Acre 

Hows ToiiTiiiig north find south 

26.5 

80.8 

8.3fi 1 

8.60 

Bows running east and west 

28.2 

82.4 


8.01 


This was obtained on iinirrigated land that had previously grown Yellow 
Caledonia variety of cane, whilst the crop referred to was D 1135 variety. The 
part having rows running east and west would be considered as having somewhat 
better soil and not quite so exposed to winds and draughts as the part having 
rows running north and south. 

The results of this crop should not be interpreted to mean that all of our 
fields of D 1135 variety produce such tonnage, but several of them this year 
with this variety have exceeded fifty tons under unirrigated conditions. The 
quality ratio results will be tabulated from the subsequent crops of ratoons. 


First Season Tasseling a Possible Benefit. 

By R. M. Allen. 

It is customary on most of our plantations to try to avoid tasseling as much 
as possible. When we see a field of young cane in heavy tassel the first season, 
we look on it with regret and feel that we shall suffer a loss. Based on this 
assumption, it is a practice on practically all irrigated plantations to cut-back 
in June and July. This is done at considerable expense and a decided loss in 
cane growth. The belief is that both are justified by the benefits resulting from 
the absence of first season tas.sels. 

The results of .some tests recently made at Kilauea would, however, indi- 
cate that tasseling the first season, under some conditions, is a benefit rather 
than a loss. In December, 1920, a very thorough count was made of tassels in 
a field (No. 9) of Yellow Caledonia cane that had .shown unusually heavy tas- 
seling. From these counts, which were continued for several weeks, approxi- 
mately 48 per cent of the cane in this field was found to have tasseled. In 
December, 1921, the cane was harvested and careful weights made of the tas- 
seled and non-tasseled sticks. Juice samples were also made from each type 
of stick with the following results ; 


1 

1 

No. 

Sticks 

Total 
Weight 
in Lbs. 

Average 
Weight 
per Stick 

Purity 

QE. 

Av. Lbs. 
Sugar per 
Stick 

Tasseled Sticks * 

25S 

1,557 


81.7 

8.82 

0.69 

Non-tasseled Sticks 

Second Season Sticks (suck- 

181 

1,022 

5.65 

81.8 

8.64 

0.65 

ers) ' 

26 

127 

4.88 

81.1 

9.21 

0.53 






91 


These results indicate that the tasseled sticks produced more cane per stick 
and more sugar per stick than the non-tasseled sticks. The second-season shoots 
or suckers were treated separately, since they would hardly be comparable to 
either of the other types. If these were thrown in with the non-tasseled shoots 
the difference in favor of tasseling would be even greater. It was found that 
the tasseled shoots had two or more long la-las which had continued to grow 
and enabled these sticks to compare favorably with the non-tasseled sticks. The 
method of procedure in handling this test was as follows: 

All the cane in a line was cut and separated into tasseled, non-tasseled, and 
sucker shoots. These were bundled and weighed by means of a hand balance. 
Care was taken in cutting not to break the la-las. This was repeated in various 
parts of the field until what was thought to be an average of the field was ob- 
tained. After weighing, sticks of each type were tied together and taken to 
the laboratory for juice sampling. This was done with a hand mill and, in 
order to eliminate errors, a number of individual samples were run for each 
type of stick. Further juice comparisons were made of the la-la, the butt of 
tasseled canes without the la-la, full-tasseled sticks including the la-la, as com- 
pared with non-tasseled and sucker shoots. A total of twenty-one samples 
was run for these comparisons. The results are as follows: 



1 Brix 

1 

Sucrose 

Purity 

Q.R. 

La-la Only 

19.16 

15.41 

80.4 

9.02 

Tassolod Stick with La-la removed 

18.56 

15.12 

81.5 

9.08 

Full-tasseled Stick, including La-la 

19.09 

15.60 

81.7 

8.82 

Non-taaseled Stick 

19.48 

15.92 

81.8 : 

8.64 

Second Season Shoot 

18.45 

14.97 

81.1 

9.21 


Basing our calculations on these results, a field having an average of two 
sticks per lineal foot, or 17,400 shoots per acre, all in tassel would produce 4.0 
tons of cane and .35 ton sugar more than a similar field not having tasseled. 
Of course, with a heavier stand the difference would become greater. There 
would also be an additional gain due to the growth made before cutting back. 
These results are based on one test only and are therefore not necessarily con- 
clusive; but they point to a very interesting possibility and will bear further 
investigation in an endeavor to throw more light on the much discussed prac- 
tice of cutting back. One feature of the proposition must, however, be borne 
in mind, namely, that the large la-las are more easily broken by the wind than 
the non-tasseled sticks. This might be a drawback to large la-las in windy dis- 
tricts. 

La-la sticks being heavier on the ends also recline more and are more likely 
to be rat-eaten than the non-tasseled .shoots. The tests reported above were 
made in a rat-infested area ; hence an even greater difference in favor of tas- 
seling might be expected in di.stricts not troubled with the pest. 

Kilauea^ Kauai, December, 
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Boiling House Recoveries by the Ash Sucrose Formula. 

By Raymond Elliott and J. C. Chapman. 

A system of ash-sucrose control was run over a six weeks’ period, with 
the idea of comparing the recoveries so obtained with the calculated S. J. M. 
recoveries, and with the actual recoveries. The ash determinations were made 
according to the H. C. A. Methods of Chemical Control, 1916, the syrup and 
mixed juice being run daily, the other materials weekly. The sucrose figures 
used are those obtained in the routine laboratory control. 

The ash and sucrose values, as determined, follow: 




Syrup 

No. 1 
Sugar 

Waste 

Molasses 

Mixed 

Juice 

Press 

Cake 

M. J. Cor. 
for Lime 
and Press C. 

Week 

Ash 

1.87 

.59 

9.49 




ending 

Sucrose . . 

53.24 

96.96 

30.51 


.... 


7/28/21 

Ratio . . . 

.0351 

.0061 

.3110 


.... 


Week 

Ash 

2.00 

.66 

9.71 




ending 

7/30/21 

Sucrose. . 
Ratio . . . 

53.38 

.0375 

96.96 

.0068 

' 




.... 


Week 

Ash 

1.85 

.67 


.417 

5.54 

.420 

ending 

Sucrose . . 

49.64 

97.01 



1.38 

10.54 

8/0/21 

Ratio . . . 

.0,173 


.3325 

.0395 

— 

.0398 

Week 

Ash 

1.83 

.58 

10.41 

.394 

4.70 , 

.414. 

ending 

Sucrose . . 

51.8 

96.9 


10.73 

1.46 1 

10.69 

8/13/21 

Ratio . . . 

.0353 

.0060 



1 .... 1 

.0381 

Week 

Ash 

1.58 

.51 

9.94 

.347 

3.96 

.369 

ending 

Sucrose . . 

51.01 

97.08 

30.66 

10.60 

1.55 

10.56 

8/20/21 

Ratio . . . 

.0310 

.0052 

.3242 

.0.328 

— 

.0349 

Week 

Ash j 

1.70 

.69 

9.53 

.352 

3.35 

.365 

ending 

Sucrose, .j 

51.53 

97.01 

30.70 

10.50 

1.78 

10.45 

8/27/21 

Ratio . . . i 

1 

.0330 

.0071 

.3104 

.0335 

.... 

.0349 

True 

Ash 

1.81 

.62 

0.89 j 

.378 

4.. 16 i 

..393 

Average 

Sucrose . . 

51.81 

96.99 

30.63 

10.60 


10.56 

Ratio . . • 

.0349 

.0064 

.3229 

.0357 

1 

.0372 


From the figures tabulated above the recoveries were calculated according 
to the method advanced by S. S. Peck in Vol. VII, Hanters’ Record. His 
formula follows: 

.p Ash Sucrose ratio of molasses — Ash sucrose ratio of Juice 

Ash Sucrose ratio of molasses ^ — Ash sucrose ratio of Sugar 

This formula was applied upon the syrup rather than upon the clarified 
juice. Although the syrup in the Paauhau Mill contains the remelted low-grade 
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sugars, which are returned to process at the liming tank, the recoveries should 
be strictly comparable with the S. J. M. recoveries, which are likewise based 
upon the syrup. 

In an effort to eliminate this possible source of error, the recovery was 
based upon the raw juice also after the second week. Since mineral matter 
is added to the mixed juice in the form of lime, and since a large quantity is 
removed in the press cake, this necessitated a correction for the sul fated ash 
value of the lime, and a determination of the ash in the press cake. The re- 
sults are, perhaps, open to question, due to the fact that the press cake is not 
weighed, and due to the varying ash equivalent of the lime. The recoveries 
obtained, however, are consistent, and are closer to the actual recovery than 
are either the S. J. M. or the ash sucrose recoveries based upon the syrup. 

The calculated recoveries follow: 


Week 

Ending 

Ash Sucrose 
Recovery on 
Syrup 

8. J. :m. 
Recovery 

Ash Sucrose 
Recover}" on 
Mixed Juice 

7/23/21 

90.49 

91.08 


7/30/21 

90.10 

91.02 


8/ 0/21 

90.00 1 

j 90.76 

89.90 

8/13/21 

91.24 

1 90.86 

90.40 

8/20/21 

91.95 

91.93 

90.69 

8/27/21 

91.53 

91.06 

90.83 

True Average . .! 

91.00 ' 

91.28 

90.27 


The actual recovery in the boiling house for the six weeks, as shown on 
the balance sheet, was 89,91. 

Another set of ash determinations was run, during the same period, to 
ascertain the percentages of sucrose from the different massecuites going into 
the sugars and molasses The same formula was used, substituting the value 
of the ‘'ash sucrose ratio’’ of the massecuite in question for that of the juice. 
That is the per cent of sucrose recovered in the sugar on that in the massecuite 
is equal to: 

Ash Sucrose ratio of molasses — A.sli Sucrose ratio of Massecuite 
Ash Sucrose ratio of molasses — Ash Sucrose ratio of Sugar 

This was found to give very good results with first massecuite, but with 
the second and third massecuites the difficulty in obtaining representative sam- 
ples of second and third sugars made this determination unfeasible. 

The results obtained in this experiment would indicate that the theoretical 
yield, as calculated by the ash sucrose formula, checked very well witli that 
calculated by the S. J. M. formula, especially when based upon the syrup. The 
use of mixed juice in this connection entails two extra ash determinations and 
a rather involved calculation. There could be no advantage in using the mixed 
juice in a mill where the remelt is not returned to process ahead of the evapo- 
rators. Syrup would be the logical material to use in such a case. 

Paauhau Sugar Plantation Co. 
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Buffer Action of Phosphoric Acid in Hawaiian Soils. 

By W. T. McGeorge. 

The early conception of soil acidity or sourness involved a simple absence 
of sufficient base to neutralize the acidity developed during orgfanic decomposi- 
tion or that caused by lack of aeration. 

More recent investigations, resulting from improved analytical methods, 
associate iron, aluminum, and manganese with the toxicity of acid soils, a de- 
ficiency of lime or magnesia tending to promote the solubility of the above in 
the soil solution. The salts of these metals, being weaker bases, are more highly 
hydrolyzed, increasing thereby the H ion concentration or acidity of the soil 
solution. In lime, then, we have an agent functioning in part as a “guard” 
against the introduction of toxic amounts of the salts of these metals and the 
accompanying acidity. Conditions conducive toward such action of lime in- 
volve, however, proper aeration as a source of carbon dioxide, this being essen- 
tial to the soluble calcium bicarbonate. 

In the absence of lime, we have other agents functioning in a similar man- 
ner but to a lesser degree. Among these may be included the phosphates, such 
action being generally referred to as a “buflfer” action. That is to say, the H ion 
concentration suffers considerable reduction in the presence of soluble phosphate 
or soluble salts of other weak acids, such as acetic and carbonic, which are only 
slightly dissociated. While the extent to which phosphates function as such in 
our soils is yet an undetenuined factor, the possibility is not beyond reason. 

Our studies on island soils have indicated the predominance of aluminum 
phosphate as compared with those of iron and calcium in the order given. Does 
this add further indication of phosphates functioning as neutralizers for the ex- 
cess of soluble iron and aluminum salts? We have data showing the presence 
of an excess of lime to be accompanied usually by high available phosphate : for 
example, the Kau section of Hawaii and the Puuloa and Ewa districts on Oahu. 
Theoretically in such cases we would anticipate just such conditions to exist, 
namely, lower acidity, less hydrolyzable salts of aluminum, iron and mangane.se, 
and high available phosphoric acid. Furthermore our data indicate low lime 
content and its accompanying higher acidity is associated with low available 
phosphoric acid and theoretically the environment conducive toward the presence 
of the hydrolyzable salts noted above. In such cases it is not unreasonable to 
assume phosphoric acid functioning as a buffer, as numerous instances have been 
noted in our soils of similar total phosphoric acid content but widely varying 
available phosphoric acid. 

The availability of phosphoric acid in virgin Hawaiian soils is notably in- 
creased by cultivation (aeration), fertilization, and other tillage practices. It 
is possible to explain this on the basis of a stimulation of the buffer action of 
calcium bicarbonate on the introduction of carbon dioxide into the soil atmos- 
phere, through aeration. Thus are thrown out of solution the elements standing 
higher in the electromotive series whose phosphates (hydrated) are less soluble 
and less easily attacked by the agents of solution. Response to phosphate fer- 
tilization on the virgin soils of the Islands has been noted in numerous cases. 
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A summary of forty-seven phosphate experiments harvested by the Station 
agriculturists showed only fourteen instances in which a response was obtained. 
These were j)rincipally on the mauka lands of Oahu and Kauai. The mauka 
lands are almost invariably lew in lime as compared with the makai, and usually 
more acid. 

It has been noted further that the subsoil is markedly and almost uniformly 
lower in available phosphoric acid than the corresponding top soil. Here again 
we have a lower lime content and as shown by its solubility less present as car- 
bonate. There is also less aeration, higher acidity, and other factors conducive 
toward the conversion of the hydrates of aluminum and iron into their soluble 
salts. From the foregoing it is probable that in our subsoils and virgin top soils, 
deficient in lime, phosphoric acid functions in part as a neutralizer for soluble 
iron and aluminum salts. There results from the above processes an excess of 
the insoluble phosphates (hydrated) of iron and aluminum as shown by our soil 
analyses. It is further evident that the more consistent response to phosphoric 
acid on the virgin soils may be due in part to a reaction with the iron and alumi- 
num salts. This is further indicated in the general observation of an increase in 
available phosphoric acid with cultivation on the Island types. 


Notes on Some Enemies of the Nut Grass in the 

Philippines. 


By Fr.\ncis X. Williams. 

The nut grass, Cyf^cnis rotundas L., is one of the best known and most ob- 
noxious of tropical sedges. It is certainly a very familiar species in the Aus- 
tralian, Hawaiian and Idiilippine cane fields. 

The name nut grass is probably used because the root-like stems springing 
from the solid bulbous base of the sedge normally bear hard ovoid tubers, each 
capable of producing another plant. It is this habit of reproduction, well below 
the surface of the ground, that makes the eradication of nut grass so difficult, 
for, whereas a thorough cultivation of the soil will rid it for some time to come 
of various weeds and grasses, Cy perns rotund ns will be about the first to spring 
up and thrust out its handsome but unwelcome leaves. 

While this sedge has its enemies, I found that on the whole it was but little 
affected by them. The time devoted to the nut-grass problem, however, was 
short and so the observations are of an incomplete nature. 

One or more species of fungus, one mealy bug, one weevil, and two or three 
species of moth larvae were observed attacking the plant. 

The fungus is a species of rust, determined by O. A. Reinking as Pnccinca 
sp., and characterized in its later stages, on the upper side of the leaf, by round- 
ish or oblong, pale yellow spots with a brown center. Below, the brown spots 
are oblong pustules which, before they burst, suggest an armored scale-insect 
of some sort. In time these spots become more extensive, and the tip of the leaf 
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is the first to brown up and wither. This fungus is conspicuous among nut grass, 
but does not appear to be very effective. In addition, a yellowing of the leaves, 
with or without spots, is common in this sedge. 

The mealy bug is rather a small species that works at or near the base of 
the leaf-sheaths and even on the bulbous portion below ground. Locally it may 
be quite abundant. During November, 1920, when the heavy rains had already 
fallen, I found what appeared to be this species occurring rather sparsely under- 
ground on the bulb. The next search for the mealy bug was in June and July, 
1921, or at the commencement of the rains. Then no specimens were found on 
the bulb, but all were at the base of the plant between leaf bases. Many of the 
insects were young. A brief search among grasses mixed in with the Cyperus 
brought to light at the base of the stems of Cogon, Imperata cylindrica, var. 
kocnigii, a very similar mealy bug. 

I have found no coccid of the genus Antonina, such as was observed in 
Australia by F. Muir, attacking nut grass. 

The weevil appears to be a little more plentiful than the moth borers, though 
none are abundant. It is quite a small insect, whose footless grubs work into 
the bulb from above and kill the plant. The effect is shown in the central leaves, 
which die early and shrivel up ; thus attacked plants ean easily be detected. The 
grub pupates in the bulb. My observations on this insect were made in Novem- 
ber and December. 

The tortricid moths — there appear to be two species — each have about the 
same habits, and. like the weevil, were not found to be conspicuous in nut-grass 
areas. I do not think I have seen more than a five per cent killing of this sedge 
from the combined attacks of beetle and moths. The symptoms of the affected 
plants are very much like those affected by the weevil. If such a plant be ex- 
amined, its central axis will be found hollowed to the bulb and commencing wet 
decay. An old attack shows externally a withering and finally the collapse of 
the whole plant. 

The moths are of an inconspicuous brown and gray, and much smaller than 
the sugar cane leafroller, Omiodes accepta of Hawaii. I reared a few of them 
from larvae, but none from egg to adult. What I take to be the eggs of one of 
these species are deposited in a line on a Cyperus leaf, and slightly overlap or 
shingle. They are flat discs, short oblong, and less than a millimeter in length. 
On hatching, the young larva immediately embeds itself in the tissue of the leaf, 
working downwards, and eventually tunnels the axis of plant as far as the bulb, 
which it may even hollow out completely. Its frass is extruded in a heap against 
the base of the sedge. ' When ready to transform into a pupa, an escape aperture 
for the latter is bitten through the appressed leaves above, and a silken tube or 
cocoon spun in the stem. The pupa is about six millimeters long and is pro- 
vided with proper head and abdominal armature to help work its way out of the 
cocoon and partly to extrude itself through the stem. There it splits and the 
moth is disclosed. 

A small braconid wasp, resembling an Apantcics, attacks the caterpillar and 
spins a cocoon nearby. 
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A single diminutive tineid moth was reared in a jar containing a lot of nut 
grass. Its early stages were not observed. 

The introduction of plant-feeding insects to destroy certain troublesome 
weeds or shrubs needs a very careful study. This, then, is very true of nut-grass 
insects. It has not been determined whether any of these would turn their atten- 
tion to forage grasses, etc., and thus become pests. I can only say that at pres- 
ent the subject has not been studied sufficiently to cause a decision to be made 
in favor of or against introducing these nut-grass enemies into Hawaii. 


Varieties at Honokaa. 


Honoka.\ Sugar Co. Experiment No. 7, 1921 Crop. 

This experiment is in field 18 at an elevation of 1000 feet. The cane is first 
ratoons, long, and was 25 months old when harvested in June this year. 

The plant crop was harvested in May, 1919. From May to September, 
1919, this field received no attention. A fairly thick layer of trash covered the 
entire experiment. This trash was not pali-palied as it was the intention to test 
the ability of the different varieties to come through this layer of material. The 
D 1135 came through the trash to an excellent stand, the Badila also came 
through to a good stand. The H 109 and the Caledonia were not able to come 
through to any extent, and the stand of these two varieties was very poor. No 
replanting was done. 



Young second ratoons from Honokaa Experiment 7. The D 11.35 is on the left and 
the Yellow Caledonia on the right. A close study of this photograph will show the D 11.35 
to have a much better stand and to be much more vigorous than the Caledonia. There 
has been no trouble about weed control in the D 1135, while the weeds are bad in the 
Caledonia. 
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The yields obtained for the two crops harvested are tabulated below; 


t' 

Variety 

Yields per Acre 

1 

1919 Crop 

1921 

Crop 

Cane 

Sugar 

Cane 

Sugar 

01135 

54.1 

6.6 

33.2 

3.41 

H109 

45.0 

5.3 

21.6 

2.72 

Yellow Caledonia 

34.5 

4.4 

16.1 

2.05 

D1135 

55.0 

6.7 

36.9 

3.75 

Badila 

38.4 

4.6 

1 27.9 

3.44 


In this experiment in both crops the D 1135 has been distinctly better than 
any of the other varieties tried. 

This experiment will be carried through another crop, using the same 
methods. 

Details of Experiment. 

Object: 

To compare Yellow Caledonia, H 109, D 1135 and Badila under conditions prevailing 
in the unirrigated sections of Hamakua. 

Locatioii: 

Honokaa Sugar Co., field 18, beginning 2 lines below the Government road, and on 
the Honokaa side of the field road. 

Orop: 

First Batoons — Yellow Caledonia, H 109, D 1136 and Badila. 

Layout: 

Thirty-three plots, each 1/10 acre, consisting of 6 lines, each 4% feet wide and 
161 1/3 feet long. 

Plan: 

10 plots Yellow Caledonia (1, 4, 7, 10, 13, 16, 19, 22, 25, 28). 

12 plots D 1135 (2, 5, 8, 11, 14, 17, 20, 23, 26, 29, 30, 32). 

9 plots H 109 (3, 6, 9, 12, 16, 18, 21, 24, 27). 

2 plots Badila (31, 33). 

Fertilization — Uniform by plantation. 

Experiment planned and laid out in 1917 by W. P. Alexander. 




J. A. V. 
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Heis Uba Cane Commercial Possibilities in Hawzdi? 


By H. P. Agee. 

Recently we have had the opportunity of discussing Uba cane with B. E. D. 
Pearce of Natal. This variety is the commercial cane of Natal and is grown 
almost to the exclusion of all other varieties. 

We showed Mr. Pearce an area of this cane which is growing at the U. S. 
Experiment Station, from which a considerable amount has been distributed 
throughout the Islands. We were interested in learning from him whether 
the cane which we have is actually the Uba canc of Natal. There has been 
and there still remains doubt as to this. The plot of cane had been ratooned 
several times without much fertilization or irrigation. The majority of the 
sticks were very thin. The range of the size of stalks found is shown in the 
accompanying photograph. This picture was made from cane growing at Ma- 
kiki. ]Most of the stalks are of the smaller size. Mr. Pearce thinks that the 
Uba cane of Natal is very similar botanically to the one in Honolulu. The 
closely adhering leaf sheaths, the large quantity of flaky wax on the stalks, and 
the general character of the cane, all conform. Probably they have the same 
cane, but a Ijctter strain of it in Natal, as he believes the greater part of their 
cane corresponds more nearly to the larger cane in the photograph. 

Uba cane is grown in Natal, we learn, because it is the only variety which 
is ca])able of producing good ratoon crops for ten or twelve years under severe 
drought conditions. It is also a canc that is liked there on account of its re- 
sistance to light frosts. Mr. Pearce has seen it survive within seven miles of 
a snowfall at the same elevation. The rainfall in Natal amounts to about thirty- 
five inches a year, the greater part of which falls between November and March. 
Severe droughts invaria1)ly occur during the summer months. Sometimes these 
are so serious that much of the crop is lost, even though the variety is a drought 
resisting one. 

I'he agriculture of Natal, we understand, is very sim])lc. The cane is planted 
in shallow furrows about four and one-half feet apart. The dry adhering leaves 
are not removed and the stalks arc dropped as one or two running lines with- 
out being cut into short seed pieces. In general there is no fertilization and no 
irrigation. The fields are not replanted more than once in ten or twelve years 
and often longer. 

In Natal, Uba cane yields better as first, second, or third ratoons than it 
does as plant cane. A crop of cane occupies ground for two years. Thirty or 
forty tons of canc is a common yield. Mr. Pearce says that one field on his 
plantation gave forty tons of cane per acre as eighth ratoons. Two or three 
cultivations suffice in ratoons. Hilling is not resorted to. Nine or ten tons of 
cane produce a ton of sugar, under mill work that is not the best. Uba cane 
planted in favorable situations, such as river bottoms, often yields sixty to 
eighty tons of cane. The disadvantages presented by the thin character of the 
sticks are offset by its other advantages. We are told that one laborer is ex- 
pected to cut and load on portable track cars about one and one-third tons of 
cane as a day's work. That is, three men cut and load four tons. A laborer 
there received less than half the wages now prevailing here. 
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In Hawaii, though we con- 
tend with drought to a con- 
siderable extent, and though 
the shortage of irrigation 
water in certain localities is a 
limiting factor bearing upon 
cane areas, this cane, with its 
record for long standing use- 
fulness in Natal and Portu- 
guese East Africa, has never 
been given a commercial trial 
here. Such a test is, how- 
ever, now under way in Ha- 
makua, where the Honokaa 
Sugar Company has j^lanted 
several acres of the cane we 
have here under the name of 
Uba. This test will be fol- 
io v^ed with interest. 

We learn from Dr. Mario 
Calvino that Uba cane is now 
attracting some attention in 
Cuba. In Porto Rico it has 
made appeal on account of its 
immunity to the Yellow Stripe 
disease. Dr. Calvino finds it 
an early maturing cane, “in- 
teresting to Cuba notwith- 
standing that it presents the 
serious disadvantage of being 
a little thin and has too much 
straw.” 

A recent article by Dr. Cal- 
vino quotes a report from Ja- 
maica which reads to the ef- 
fect that this cane was im- 
ported from Zululand to Ja- 
maica in 1916 and has shown 
itself to be so promising that 
about 15,000 cuttings were 
distributed lately. They found 
the cane much better than 
they had anticipated. A foot- 
note to Dr. Calvino’s article 
states that recent news came 
from Jamaica that the cut- 


The cane grown under the name of Uba in 
Hawaii, showing the range in the size 
of stick. 
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tings of the Uba cane of Natal had been extended a good deal and that 
the variety is increasing in favor from year to year, giving less fiber and greater 
purity. Data are presented showing that the cane at the age of six and one- 
half months yields 33.2 tons per acre, there being twenty-six canes to the plant. 

The following juice analyses taken from the Jamaica report are of interest: 


Age of Cane in | 
Months 



Juice 



1 

Brix j 

1 

( 

Sucrose ^ 

' 

Purity 

Glucose 

Glucose 

Hatio 

6 % ' 

16.40 ; 

13.09 ; 

79.80 1 

0.84 1 

I 6.42 

8V2 ' 

15.70 

12.97 : 

82.62 

0.38 

2.93 

9% 

17.70 

14.46 ! 

81.70 

0.39 

2.70 

10 

19.90 j 

16.84 

84.62 

0.39 

1.84 

111^ 

19.80 i 

17.24 i 

87.99 

0.191 

1.09 


Dr. Calvino, attracted by the early maturing quality of this cane, had an- 
alyses made on his own belialf from cane grown in Cuba. From his data we 
take the following :* 


Age of Cane Juice 


Months 

Days 

Brix 

Sucrose 

Purity 

1 Glucose 
, and Salt 

9 

21 

20.40 

16.10 i 

78.86 

; 4.30 

10 

28 

17.85 

15.50 

86.85 

2.35 

11 

9 

20.00 

17.70 ' 

88.50 

j 2.30 

12 

13 

17.50 

12.00 ' 

68.57 

i 5.50 


The Cuba station has sought a method of crossing Uba cane with varieties 
of better physical characteristics. At first two .seedlings were obtained, crosses 
of the Uba cane of Natal and D 74, and in 1921 another was .secured. 

The L'ba cane of Natal, according to Dr. Eva Mameli of the Cuba sta- 
tion, can function as a female in crossing. Its pollen is .sterile. Recent micro- 
scopic investigations by Y. Kutsunai of cane flowers at the H. S. P. A. Experi- 
ment Station indicate the same is true of the cane we have here under the name 
of Uba. 

We are now attempting to cross H 109 with Uba, and in this the U. S. Ex- 
periment Station has extended to us the use of the Uba growing there, their 
area of this cane being considerably larger than ours. As previously stated, 
there is question as to whether or not the cane which we have under the name 
of Uba is the same as the Uba of Natal. 

Dr. Calvino, in his article entitled “The Uba Cane of Natal,” states that 
as a forage crop it isibetter than the Japanese or Zwingfa cane and is often cul- 

* The poor quality of the cane after 12 months, 13 days, was said to be due to heavy 
rains. 
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tivated for this purpose. He gives tables comparing the Uba cane of Natal with 
“Japanese” cane. These data are not sufficiently descriptive to enable us to iden- 
tify our cane either as his “Uba” or “Japanese.” 

Noel Beerr. in" his new edition of “Cane Sugar,” has the following to say 
under the heading “The Uba Cane” : 

This cane is of peculiar interest and history. It first appears in the more recent 
history of the cane as one of a number imported to Mauritius from Brazil in 1869, and 
it is mentioned as a well-established variety in Brazil in a report appearing in the Sugar 
Cane for Juno, July, and August, 1879. 

In 1882 and 1883 Messrs. Daniel de Pass & Co., of Reunion, Natal, imported canes 
from both Mauritius and India. Among these was one bag with a damaged label on 

which was to be read the letters 'HTba, and these letters were taken to be but a part 

of the name of the cane, and hence arose a legend that the Uba cane , represented another 
with a longer name containing these letters, whereas actually the correct name had been 
deciphered from the damaged label. 

More lately Barber has recognized this cane as one of the Pansahi group indige- 
nous to Northern India; and its presence in Brazil, evidently from early times, is un- 
explained. The most reasonable supposition is that it was brought by the Portuguese 

from India, and not as the writer once suggested that it is Ihe original Creole cane which 

travelled from India via the Mediterranean to the West Indies. 

The origin of the word Uba is to be found in PioO^s description of Brazil (1658), 
where Viba (and elsewhere Vuba) is given as the native Brazilian term for a reed, and 
was used at that time as a synonym of the sugar cane. To this cane is also attached the 
terms of ** Japanese Cane,^^ ‘^Kavengire^^ (evidently a corruption and misapplication of 
Cavengerie), and in Argentina Bamboo de Tabandi’^ and '‘8in Nombre 54.'^ 

This cane is very different from other cultivated varieties. It is only about half 
an inch in diameter, with internodes up to six inches long. It is of a green color, with 
a very heavy coating of wax, giving it a bluish bloom, and, it contains an exceptional 
quantity of fiber, reaching up to 17 per cent. The juice afforded by it is' of reasonable 
density and purity. 

The Zwinga cane, also in some cases called Japanese Cane, is similar, with the ex- 
ception of a swollen node, that of the Uba being equidiametrical with the internode. 
The application of the term Japanese^' merely implies/ that at some time these canes 
travelled from India to Japan, and thence to other parts ^of the world. 

Plate X (page 80) shows the cane, as drawn from a specimen obtained in Porto 
Rico, with ascertained pedigree from Brazil, via Argentina. 

The color plate in Noel Deerr’s work is not representative of the Uba cane 
as grow^n in Natal, according to Mr. Pearce. 

In The Australian Sugar Journal of January 6, 1922, we learn from a brief 
article headed ‘^Uba Cane in Bundaberg District’’ that this cane is now grown 
on a commercial scale in the Fairymead Plantations. A correspondent, Horace 
Young, replying to an inquiry from that Journal, said: 

We are greatly pleased with this variety for black or alluvial soils. The cost of 
cultivation, weeding, scarifying, etc., is less than half that of any other variety we know, 
and though the C. C. S. is lower than some others, — averaging between 12 and 13, — 
still the crop is much more even, and far heavier per acre. We are fully satisfied with 
it for the above soils, and intend continuing to plant it largely, having no fear of its 
being a ''greedy feeder.'^ The fact is it is a deep rooter and draws from the subsoil, and 
we find it yields more sugar per acre than other varieties on these soils. We do not rec- 
ommend it for red or volcanic soils. It also certainly stands frost better than most varie- 
ties cultivated. 
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The Australian Journal concluded its article by saying although the Uba 
cane has been largely grown in South Africa, it has not been regarded with 
favor in Queensland. 

Hawaii should take steps to ascertain definitely whether the commercial 
cane of Natal is a better .strain or variety of cane than the one which we have 
here under the name of “Uba.” If it is, its introduction should be considered, 
subject to such safeguards as the entomologists and plant pathologists of this 
Station and the Territorial Board of Agriculture and Forestry may prescribe. 


Liming Cane Juices and Its Effect on Undetermined 

Losses 


By H. F. Hadfield.* 

Before entering upon the details of this paper it would be as well to hear 
what the general opinion is upon the effect of liming cane juices. It is gen- 
erally known that raw cane juice requires the addition of some clarifying agent 
to precipitate the impurities before cane sugar can be satisfactorily made from 
it. Lime is regarded as being the best, and so far the only agent for this per- 
formance, and when mixed with cane juice and heated at about the boiling 
point, clarifies it in such a way that, after settling in tanks, the clear juice can 
be drawn off, leaving the scums at the bottoms to be further treated. Out of 
some six hundred clarifying agents put on the market, lime seems to be the only 
agent so far that reliably clarifies the juice. 

It is claimed, however, by authorities that if cane juice is over-limed at 
high temperatures the results are detrimental to the manufacture of cane sugar; 
and for this reason, if some other clarifying agent could be invented to take its 
place without injurious effects, there is no doubt that it would be dispensed with. 

Lime is therefore added solely for the purpose of clarification, and to do 
this right and not reap any of the injurious effects, it is claimed that it should 
be added to the juice until neutral, for if added until alkaline, firstly it acts on 
the reducing sugars, forming lime salts of organic acids which are dark colored 
and easily decompose, forming acid substances, causing a loss in sugar and con- 
sequently a reduction in the per cent recovered ; and secondly, these lime salts 
retard evaporation and crystallization, and so cause a reduction in percentage 
recovery. All raw sugar manufacturers know this and are ever watchful. 

In our factory, during the first part of the season, the undetermined losses 
were so great that it was evident that something unseen was happening, the 
cause of which had to be remedied. It was at first very puzzling to know just 
where these losses occurred, when positively all mechanical losses, such as en- 
trainment, faulty scales, leaks, etc., had been checked up. One wonders if, after 
all, there is not a good deal of truth in the fact that the dextro-rotating gums 
due to high extraction were not responsible for an excess reading of sucrose 
in the polariscope, thus increasing the estimated sugar and consequently the 

* Bead at the Nineteenth Annual Meeting of the Hawaiian Chemists^ Association, 
November 14, 1921, 
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undetermined losses. Offering this solution as an easy way out of a complex 
difficulty, and though there may be a good deal of truth in this statement, it is 
doubtful whether the excess reading is so great as to offer it as a conclusive 
cause for large undetermined losses. 

In order to find the extent of these losses, it is usual to make a balance of 
recovery and losses, but as this entailed a good deal of work, a simpler and 
equally good method was adopted. As the undetermined losses governed the 
boiling house recovery, the following formula was used: 


im \/ Polarization in S ug ar bagged 

Aw X TonB Polarization in Mixed Juice 


This approximate Boiling House Recovery, in conjunction with the amount 
of low grade massecuite and syrup on hand, in which the sugar can be easily 
estimated each week, furnished a very quick means of control. 

It is logical to suppose that if large losses arfe occurring which are not 
mechanical, inversion caused by deterioration of juice may be their causes. It 
was therefore determined to correct any acidity in the juices by adding extra 
lime at the scales, the presses, and at the re-settling tanks. It was essential, 
however, beforehand to find some method of improving the drying qualities of 
the low-grades, in order to overcome any viscosity or foaming of massecuites 
which might occur during over-liming. 

An iron flume-shaped mixer was made with rounded bottom, opened at one 
end, 18 feet long, 24 inches wide, and 18 inches deep, inside of which ran a 
2 inch square shaft, having fastened to it and staggered 14 blades inches 
long and 2 inches wide. The whole was driven by means of a sprocket wheel 
and chain at a speed of 12 R. P. M., and attached to the counter-shaft from 
the low-grade machines. This replaced the unreliable Scr^fTOixcr laver the low- 
grade machines, and prepared the massecuite by mixing it with , a hot stream 
of final molasses at 60° C., thoroughly breaking its viscosity jand diluting it down 
to about 93 Brix. This method 'proved very successful, and increased the 
drying considerably, not affecting in the least the gravity purity of the molasses. 

Having successfully put in operation a machine which would overcome 
any difficulty that might arise through over-liming, and also gained a quick 
figure for control purposes, preparations were made to conduct and watch the 
results of over-liming without fear of jeopardizing the speed of drying. As it 
was intended to run the whole factory as alkaline as possible in order to sup- 
press any inversion, pipes . were laid from the main lime pipe line to the presses 
and re-settling tanks. 

The juice and mud at these different stations were always kept alkaline. 
Also the sweet-water from the presses, and as this was used as macer^ion on 
the mills, it formed the basis of an experiment described later pif liming "of*^ 
mills. Additional amounts of lime over and above the usual necessary for clari- 
fication were added to the juice till it became dark in color and decidedly alka- 
line ; soda-ash added to the seed till alkaline, to the low-grade massecuite during 
boiling, and with the final molasses being mixed with low-grade massecuite as 
a dilutant. Thus it was endeavored to keep all juices, syrups, and massecuites 
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alkaline, though in the last case we were never able to drop an alkaline low- 
grade massecuite. 

The results obtained by running an alkaline juice were very marked. The 
total recovery increased 5%, the undetermined losses decreased from 4.0 to 
0.7, showing that something important had been accomplished. Over-liming 
caused no caking of sugar in storage, no extra scale in evaporators; there was 
no need of adding phosphoric acid as there did not seem to be any harm done. 
The viscosity of the low-grade massecuite remained unchanged, no foaming of 
massecuite in cooling tanks. 

In fact the only drawback seemed to be that the pans boiled a little slower 
than usual, though by so doing a harder grain was made, an important factor 
where low-grades are subjected to water or thin final molasses for diluting pur- 
poses before drying. 

With alkaline juices the advent of Leuconostoc was to be expected, and the 
pipes and tanks between the scales and heaters were filled with it; sometimes 
ten or twelve sugar bags full would be washed out. There seemed no cause 
for alarm, however, as the heater pump kept going in spite of it. The pump, 
in fact, had a tendency to break it up, for upon examining the mud cake small 
pieces of Leuconostoc were to be found well distributed and intermingled with 
the mud. 

The total lime was increased from 1.06 lbs. to 1.89 lbs. per ton of cane, 
and contrary to what has been already stated with regard to over-liming, the 
recovery of sugar increased. Lime has therefore not been used solely as a clari- 
fying agent, but for an entirely different purpose, that of actually increasing 
the output of sugar by stopping decomposition of juice during its further process 
of manufacture, and after clarification had been accomplished. 

The following table shows the progp'ess made during each period by the 
addition of lime; 



1st Period 

2nd. Period 

3rd Period 

4th Period 

5th Period 

Juice Limed to Litmus 

Neutrality 

Alkalinity 

Alkalinity 

Alkalinity 

Alkalinity 

Pounds Lime per Ton Cano . . . . 

1.06 

1.34 

1.45 

1.54 

1.89 

Total Recovery 

87.67 

91.846 

92.158 

91.235 

92.6 

Boiling-house Recovery 

89.09 

93.3 

93.5 

92.66 

94.07 

Undetermined Losses ......... 

4.19 

0.718 

0.758 

1.064 

0.7 

First Mill Juice Purity 

87.4 

88.4 

87.6 

86.45 

87.0 

Mixed Juice Purity 

85.44 

86.0 

85.73 

85.34 

85.35 

Clarified Juice Purity 

86.0 

1 86.3 

87.4 

; 86.66 ! 

86.5 

Syrup Purity 

87.0 j 

' 88.0 

87.9 

86.54 ! 

86.9 

Gravity Purity Final Molasses. . 

35.42 

36.6 

36.9 

37.1 j 

38.12 

Apparent Purity Pinal Molasses 

30.0 

34.0 

34.0 

34.0 j 

34.0 

% Ash in Sugar 

0.41 

0.55 

0.59 

0.52 I 

0.63 

% Ash in Final Molasses 

8.04 

8.62 

8.3 

8.39 

9.05 

Low-grade Me. per Ton Cane . . 

0.84 

0.84 

0.79 

0.89 

0.93 

% Pol. in Cane 

1 12.59 

12.78 

12.9 

13.0 

12.92 

Stoppages in hours 

23.55 

54.50 

25.0 1 

82.45 

74.25 
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The table shows plainly that by the increase of lime there was an increase 
in recovery, a decrease in undetermined losses, an increase in gravity purity of 
final molasses, with a corresponding increase in apparent purity, an increase in 
the ash both in sugar and in final molasses. It also shows that the decrease in 
recovery during the 4th period may be due to the fact that the stoppages in* 
creased to 82 hours, and in spite of an alkaline juice, losses due to inversion 
were going on. 

It is astonishing how quickly juice will deteriorate, and if left undisturbed 
bubbles may be seen rising to the surface, showing that the bottom begins fer- 
menting first. A case in point is where a continuous flow of hot juice is allowed 
to run over from one tank to another during the whole week. If the bottoms 
are not agfitated large losses may result. It is important, therefore, that all such 
tanks either be emptied and washed every twenty-four hours, or eliminated alto- 
gether. 

Liming at the Mills: Where compound maceration is practiced and in- 
termediate carriers are continually transporting bagasse from mill to mill, and 
cush-cush carriers cleaning juice screens, one cannot help being impressed with 
the acrid smell due to acidity. Where this is occurring it is usual to suppose 
that decomposition is going on. It was with the idea of correcting this acidity, 
and hence any loss which might be occurring, that lime was added on to the 
mills as an experiment. Considering that an alkaline sweet-water was already 
added as maceration it was thought that an additional amount of lime might 
sweeten the last mill juices to such an extent that, in being pumped back over 
to the other mills, the whole system would become alkaline. It proved a fail- 
ure, however, on account of most of the lime being carried over with the bagasse 
to the furnaces, slippage of last mill, and to the fact that twice as much was 
being used as usual, and even though the fields eventually recovered it, the 
process was not looked upon as successful. 

After two weeks’ experiments, a better method was evolved. Bearing in 
mind a twelve-roller mill and a compound system of maceration in vogue, a 
tank was erected at an elevation, into which milk of lime of under forty Brix 
density was pumped. From this tank a thin stream of lime was allowed to run 
by gravitation into the third mill juice receiving tank until the juice became 
alkaline. From here in the course of maceration it was pumped into the ba- 
gasse as it emerges from the first mill, giving it that characteristic yellow color. 
This strongly alkaline bagasse undergoes pressure at the second mill, its alka- 
line juice joining the unlimed first mill juice at the mixed juice tank, from which 
it is pumped to the scales in the boiling house. ^ The alkaline bagasse emerging 
from the second mill is macerated with the alkaline juice from the fourth mill 
and runs into the third mill juice tank, where the stream of lime from the ele- 
vated tank mixes with it. The alkaline bagasse from the third mill is macerated 
with the alkaline sweet-water from the presses and after being pressed by the 
fourth mill, leaves it with practically no lime to speak of, due probably to the 
fact that the lime had a better chance of being pressed out of the bagasse in 
passing under the three sets of mills. 
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For purposes of control, the mixed juice going into the boiling house was 
kept acid. It remained, therefore, simply to set the stream, of lime so that all 
the alkaline juices from the second, third, and fourth mills were not sufficient 
to make the whole mixed juice alkaline. This was done, as it was found more 
expedient to control the liming of the juices entering the boiling house at the 
scales, for, firstly, once the stream of lime was set at a certain rate it required 
no further attention; whereas had the control been conducted at the mills, extra 
help would have been required in addition to the scale boy, who controls the 
liming under ordinary conditions; and secondly, in analyzing a sample of raw 
juice first in its usual acid condition, and when it was alkalinel by the addition 
of lime, it was found that there was a marked decrease in purities in the alkaline 
juice. For purposes of control, therefore, it was evident that an alkaline mixed 
juice sample would be in error. 

As a result of this process, all slimincss, acrid smells, and sourness were 
remedied. The rolls took on a polished appearance, due to a slight slippage, 
though so far not to such an extent as to interfere with the feeding or render 
it impracticable. 

This process of liming the mills is by no means new, as it is practiced in 
other sugar growing countries ; control of the lime, however, is done at the mills. 
The method is simple and well worth recommending for trial. There seems 
no doubt that a certain amount of deterioration must be going on during the 
process of compound maceration. How much so far has not been estimated. 
Any loss that might be occurring, however, is not accounted for when juices are 
analyzed for the purpose of calculating the estimated sugar entering the mill 
and boiling hou.^^e. For instance, suppose by analysis we find that the sugar 
entering the boiling house is 99 tons for the twenty-four hours, and that there 
is a loss of one ton in the bagasse. We are accustomed to assume that these 
two amounts added together of 100 tons, furnishes the amount of sugar coming 
into the mill. If there is a loss during the passage from the first to the last 
mills, as undoubtedly there is, it seems logical to suppose that this loss, how- 
ever small, should be accounted for. Let us suppose it to be one ton ; should 
not the estimated sugar entering the mill be 101 tons and not 100? 

The mills at this company have always shown a small difference between 
the purities of the crusher and mixed juice, owing to the first mill being in- 
cluded, and possibly to the fact that the mills, being built on a grade, need no 
intermediate carriers and hence less souring is going on. During 1920 this 
difiference was 2.2. During 1921, before liming at the mills commenced, it was 
1.77, but after liming it decreased to 1.41. Whether this smaller difference 
was due to liming remains to be proved. 

Clarification: Liming on the mills did not show any perceptible im- 
provement in clarification, though where poor clarification is the rule a differ- 
ence might be noticed. It is claimed that by this process clarification takes place . 
as it were in the juice mixed with the bagasse, the impurities being carried into 
the fire room with the bagasse and not into the boiling house, thus relieving the 
juice of a certain amount of impurities. Heavier liming of juices at the scales 
resulted in a much darker colored clarified juice. As this darkness is usually 
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an indication of over-heated, over-limed juice, it should be reduced as much as 
possible. With this in view the temperature of the heater was brought down 
to 190® Fhr. Experiments on heater temperature during 1919 resulted in the 
juice settling very much slower when the temperature was reduced down to 
190° Fhr. But considering that almost twice as much lime was now being added 
to the juice, it was thought that a temperature of 190° might be used with im- 
punity. This deduction proved correct to a certain degree, and reduced the dark 
color to a clear, light one. without interfering with the rate of settling. Pre- 
viously an alkaline juice could be easily detected without the aid of litmus paper 
by its darkness ; since reducing the temperature to 190° the juice is clear, though 
distinctly alkaline. 

During this experiment there was a marked increase in trash in the fire 
room. Whether this was due to the fact that less steam was being used at the 
heaters remains a question. 

In referring back again to the table, it will be teen that the amount of lime 
added to the juice increased from 1.06 lbs. per ton cane to 1.891 lbs. The 
total recover}', after this addition, increased from 87.67^., when a neutral 
juice and no lime was used at the presses or rc-settling tanks, to 92.6%, or an 
increase of 5%. 

The foregoing experiments are well worth further trial. They may show 
that the fear of adding too much lime is unfounded ; that by the addition of 
almost twice as much higher recoveries may result ; that there is no cause for 
fear in over-liming if the temperature at the heater is kept down to 190° Fhr. ; 
that boiling point at the heater is harmful ; that by decreasing this temperature 
there will be an increase in trash; that the gravity purity of final molasses will 
be higher; that liming on the mills reduces decomposition, increasing the sugar 
output; that the estimated sugar should be based on the sugar at the crusher, 
and not on the total amount received at the boiling house plus that at the last 
mill, neglecting to account for that which may be lost over the mills during the 
process of extraction. 
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Combating the Field Rat. 

NESTING HABITS. 

A biological study of the nesting habits of the field rat is included in a paper 
pertaining to field rats in Java.* The study deals in a large part with the rice 
crop and the illustration reproduced herewith shows how the field rat takes ad- 
vantage of the dikes in building a house that will not become inundated. We 
translate the description of the rat burrows, as follows; 



Fig. 1. A field rat hole in Jav^a rice fields, a. Main entrance and exit. b. Secondary 
exit. c. Oldest nest room. d. Latest iicst room. e. Emergency passage, f. Short, 
blind alley. 

A field rat burrow ( Fig. 1 ) consists of a more or Iec5S elaborate system of 
connected tunnels. In digging these tunnels the rats nuike good use their 
strong, chisel-shaped incisive teeth ; whereas their strong hind legs serve to throw 
the excavated soil outside. Mostly, but not always, the hole has several entrances 
and exits. The main entrance can be recognized immediately by the excavated 
crumbling soil which generally forms a cone-shaped heap under the opening. 
From here several of the smaller rat-trails run to the middle of the rice field. 
The other openings are sometimes so well hidden under all kinds of weeds that 
they easily escape notice. This should be kept in mind in a rat cam])aign. 

The nest proper is made out of rice plant leaves and is a bulb-shaped wiflen* 
ing cf one of the subterranean passages (the so-called nest nxmi), either closely 
under the surface or deep underground ; sometimes at the beginning of a pas- 
sage, other times clear at the end. For every new litter the mother rat builds 
a separate nest room. 

Often the rat digs a tunnel running upwards, but stops just before the out- 
side would be reached. When in danger the rat hides in this emergency passage 
and digs away quickly the remaining thin layer of soil and escapes. It happens 
very seldom that two or more rat holes are directly connected. 

Characteristic is the peculiar habit of the rat mother, as a means of pro- 
tecting her young ones, to plug up the main entrance, and sometimes the other 
openings as well : but this only for the time that the young cannot provide for 
themselves. The greatest care is given to the nest during the breeding period : 
before and after this period they serve the stray rats more as “pasanggrahans” 

* Bulletin No. 16, by J. C. van der Meer Mohr. Institute for Plant Diseases, Depart- 
ment van Landbouw, Nijverheid en Handel. Quotations translated by W. H. Duker. 
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(government rest houses) — if we could call them thus — ^used only temporarily 
during their roving expeditions in times of food shortage. During the severe 
dry season the rats sometimes live in companies of fourteen and fifteen together 
in deep cracks in the soil. 

Whether or not we are dealing with an occupied rat hole or one that is not 
can often be seen at the outside on several minor indications. For instance, the 
fresh footprints made in running in and out; fresh remains of food in the im- 
mediate neighborhood; and, furthermore, the before mentioned plug in the en- 
trance. Old and unoccupied holes can quickly be recognized when the passages 
are filled with growing plant roots. As long as the rats live in these holes they 
keep them clean. The presence of mites in the nest straw points to the fact that 
the hole is still occupied or only recently left. The field rats do not keep food 
stores. 

RAT DIET. 

In contending with rats in rice fields much stress is laid upon the point that 
at the end of the harvest season, when food is scarce, active campaigns against 
these pests can be conducted to great advantage. It is stated that When the rice 
grain is scarce the rats turn to other crops, including sugar cane. This indi- 
cates, as we have thought, that rats in our fields in Hawaii may not depend on 
sugar cane as a sole, or even as the chief, source of diet, and that this is supple- 
mented by other food material supplying protein. 

We know of several instances where rodents have attacked cane in their 
search for animal food. The cane itself was not the primary object of attack, 
and the damage done was purely incidental. One of these cases was brought to 
our attention by E. L. Caum, who discovered a number of sticks of cane with 
large holes gnawed through the sheaths, exposing sometimes as much as a square 
inch of rind, and always at the nodes. In no case was the rind itself gnawed. 
The only explanation that can be offered is that the holes were made by mice 
in order to get the mealy bugs, which ordinarily congregate under the leaf sheaths 
at the nodes. 

Another case was noticed a short time ago by Mr. Caum. In the course of 
experiments carried on v/ith white rats in captivity, the animals were fed on 
cane only, to determine whether they could .live on this limited diet. One stick 
given to them had been attacked by borers, and a large borer grub was then in 
the channel. The rats, which had had very little acquaintance with cane here- 
tofore, immediately staged a mad scramble for that larva. After it had been 
consumed they gnawed out the cane joints through which the borer channel ran 
and made no attempt to eat any of the good cane until the partially fermented 
portion was completely cleaned out. In other words, they did not attempt to 
eat the cane as such until the last traces of animal food therein had been con- 
sumed. We know that many times borers follow rats, the holes gnawed by the 
rodents affording the insects easy access to the interior of the stick, but it ap- 
pears that sometimes the rats might follow the borers. 

RAT-CATCHING IN JAVA. 

In discussing methods of combating the field rat. the Java report states: 

As far as our knowledge reaches, the.most effective and the simplest method 
is a systematic catching of the rats. The many experiments, already conducted 
by the Institute for Plant Diseases, with various poisons and bacteria prepara- 
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tions had little success. Excellent results therewith were soinetimes reported 
from other countries, but here they never brought sufficient relief. In the mean- 
time, the tests with poisons and poisonous gases are still continued, but for the 
present none of these remedies can be advocated for application on a large scale. 

In the systematic drive for the rats a search is made for the rat holes and 
they are then hoed open ; the fleeing animals are caught and killed. The only 
tools needed are a strong patjol (hoe) and a number of small bamboo traps. 

Such a bamboo trap is illustrated in Fig. 2. Any laborer can 
make a dozen of them in a spare hour. It is best not to make 
them too large, about 16 inches, with an opening not more 
than 2>2 inches in diameter, on account of the fact that the 
diameter of the rat-tunnels is not mtich larger than that. 
Catching should be done in the early morning hours. To save 
time the rat holes should be located and marked the night 
before. 

First of all the nearest surrounding of the hole is carefully 
inspected (if necessary by cutting away all grass and weeds 
around the hole), to avoid chances of overlooking well-hidden 
tunnel openings. Furthermore, the catchers place a trap in 
every opening of the hole. ( )nlv now. after all these precau- 
tions are taken, may the coolies begin with their hoes. They 
must then try to cut open the tunnel over a short distance in a 
few blows. Immediately one of the helpers puts in another of 
the bamboo traps in the newly made opening, after locating, 
fir.st, the direction of the tunnel, and then the cutting open 
process is continued. In this way the entire tunnel is cut 
ojxjn. 

If it happens that the rat runs into one of the traps after 
the fir.st blow, this is a stroke of luck ; as a rule they hide 

themselves up to the last moment. However this may be, it 
is not advisable to quit until all tunnels are opened over the 
entire length. Even when finding an empty nest room, one 
should not give up; in many cases the mother rat, as soon as 
she notices danger, carries the young ones to another part of 
Bamboo rat trap, the hole. And so it may hapjjen that several young rats 

may be found near the end of the tunnel, whereas the others are .still in the nest 

room. 

When a large area must be searched and when a sufficient number of men 
is available, it is best to divide up in groups of three or four men, each group 
to search a definite area and to make it rat-free; it is. of course, not advisable 
to have the groups too close together. In each group one man should be in- 
structed to repair the damage done to the dikes or footpath. A well-trained gang 
of rat catchers working in this way can handle from six to ten rat holes per hour. 
Dogs can be made very useful in this work. 

The question now is, w'hen to start this catching? Are a few months of the 
year enough? Or should it be done all the year round? The last idea is not 
desirable at all, because any such measure, where a certain amount of enthusiasm 
is needed, slacks down when kept up too long. Besides this is not necessary. 

The report then refers to the curve drawn herewith (Fig. 4), which repre- 
sents the development of a definite field rat population for any given area of 
ample size. 

The article which we are quoting calls attention to the fact that special over- 
seers are needed to supervise the work of rat control, and that one month after 





Fig, 3. laborers in Java hoeing oi^cn a rat tunnel. The bamboo traps are set in the 

openings of the burrow. 

the main catch the fields are searched once more for a period of two weeks for 
any of the rodents that may have escaped the real campaign. 

Java, with its cheap and abundant labor supply, can adopt many measures 
which we cannot, and at first reading of the Java methods they seemed to be in- 
applicable to our problems. We have since been told by L. D. Larsen, Manager 
of Kilauea Sugar Plantation Company, who offers a bounty to his laborers for 
each rat that may be killed, that many of his Filipinos have adopted, on their 
own behalf, a system of digging out the rat burrows which differs only in degree 
from the one which is described for Java. The Filipinos at Kilauea, we under- 
stand, are aided in their undertakings by dogs. The bamboo traps here described 
have not been employed. 

BURROWS IN HAWAII. 

Before we had had the benefit of seeing the Java report, we undertook a 
little investigation to learn something of the nesting habits of the Hawaiian field 
rats. This work was in cooperation with the Honokaa Sugar Company. We 
were represented by Fred Hansson, whose report is presented in abridged form 
as follows: 

The rats live mostly in burrows made in the ground. It is not often that 
any piles of soil are found outside the entrances to the burrows.* This seems to 
indicate that the rats make their burrows by pushiftg "through the soil like a mole. 


This differs from the findings in Java previously quoted. 
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Fig. 4. This curve shows the rise and fall of the rat population under the conditions of the 
Java rice fields, and while such conditions are altogether different from Hawaiian cane 
fields, the curve is presented here to show the possibilities of biological studies wdiich 
may result even under our conditions in showing what time of year is best suited for 
effective work of rat destruction. 

The rising of the curve stands for the increase of the rat po])ulation in the breed- 
ing season; the gradual decline shows that this same rat population decreases due to a 
number of causes. 

Another fact that bears out this theory is that the sides of these burrows are 
hard and tightly packed and easy to follow, while the surrounding soil is quite 
loose. 

The rats like to make their homes where the subsoil is 18 inches or more 
below the surface. They push through the upper soil and make their nests at 
the junction of this and the subsoil, where the latter is not more than 24 inches 
below the surface. This lower soil is much harder than the surface soil and they 
do not dig into it very much. Wherever the surface soil is only 10 to 12 inches, 
deep the rats do not make any burrows, but just go down to the subsoil and 
then stop. During our investigations we found several such holes. 

There are always at least two entrances to the nest. Iheir burrows or tun- 
nels vary greatly in length and the entrances are often five or more feet apart. 
In the gulches the rats live mostly in the rock piles or under boulders. A num- 
ber of the burrows which had been treated with carbon bi-sulphide or cyanogen 
were dug out with pick and shovel. The sketches accompanying this report show 
the general types of arrangement of the tunnels and nests. It was found that 
the plan of the burrows varies with the location. It was noted that the entrances 
were nearly always located on the mauka side of the furrow. This was probably 
to avoid flooding the nest with rain waters. 

The rats like to travel under cover. We found quite a number of tunnel- 
like places in the cane trash which showed signs of travel. Thev zig-zagged 
around and indicate that the rats stay hid as much as possible. After the cane 
had been cut, piled beside the flume and left over night, some of the rats would 
seek cover there. It is due to this habit that many were caught and killed by the 
dogs of the men who flumed the cane. One dog alone in one day killed twenty 
rats that had sought cover in the piled cane. Many rats are killed in this wav 
during the course of a year. 


114 


The accompanyu^ dit^fram (Fife. 5) shows the nesting habits of the Ha- 
waiian field rats. An interesting point of difference is that we fail to fittd the 
blind tunnel described in the Java article. 

POISONING EXPERIMENTS. 

Gas. 

Experiments were made bearing upon the possibility of poisoning rats in 
their burrows, after the practice commonly employed in contending with the 
ground squirrel in California. In connection with this work we had the benefit 
of the experience of G. R. Stewart, who has participated in work of this character. 

The openings of the rat burrows, quite in contrast with those of the ground 
squirrel, proved to be very difficult to find, and until this obstacle is overcome, as 
perhaps it might be by the use of dogs, the possibilities of using poison gases 
in this way are not promising. 

Our experiments were confined to eighteen burrows, all of which were found 
upon excavation to be empty. Mr. Hansson contends that rats enter the cane 
field after the stalk is well formed, say six feet long, and that it would be futile 
to gas the holes that might be found when the field is finally cleared of the crop. 

A number of holes were gassed with carbon bi-sulphide and cyanogen. 
Most of them were treated the morning following the firing of the fields. In all 
cases the burrows were found empty. This clearly shows the rapidity with which 
the rats move to other areas. 

Poisoned Barley. 

The practice of the plantation in employing poisoned barley (the commer- 
cial preparation purchased in California, having strychnine as the toxic prin- 
ciple) has no doubt been effective in reducing the rat population. We learn from 
the California authorities that this barley is prepared specially for ground squir- 
rels. which, in carrying the grain in the check pouch, absorb strychnine from the 
thin coat on the outside of the grain. This poison, thus absorbed, is said to be 
several times as effective as it would be if eaten and absorbed through the digest- 
ive channels. 

The plantation has called our attention to poison grain that has freely 
sprouted in the field containers. It is claimed that this poisoned barley loses its 
toxic effect after exposure to moisture for a matter of fifteen days and that it 
is difficult to protect it from moisture under field conditions. 

Miscellaneous Poisons. 

An account of trials with other poisons and baits at Honokaa is given by 
Mr. Hansson as follows: 

Squills, cither in the powdered or liquid extract form, mixed with various 
baits, has been used with success in investigation in England and France. It is 
obtained from the bulb of a plant (Scilla Marithna), which is found along the 
shores of the Mediterranean Sea and Southern Europe. We mixed the extract 
of squills with an equal part of milk and soaked enough oatmeal in it to form 
a dough. This was eaten very readily by the rodents. 








Fig. 5. Types of burrows in Hawaiian cane fields. 
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The powdered squills was ground up with tallow, and a portion of this mix- 
ture was combined with oatmeal, making a sort of oatnteal cake. This bait also 
was very palatable to the rodents and was soon consumed. ^Ve found, how- 
ever, by experiments that it takes quite a long time for the squills to complete 
its work. . ' 

Some people suggested that molasses would make a good bait. We put out 
different mixtures using molasses as a bait. We mixed it with squills in both 
forms and also potassium cyanide. We found these materials all remained un- 
touched. 

Bi-chloride of mercury was mixed with tallow and spread on bread, but very 
little of this was eaten. This poison is very corrosive in its action and causes 
an irritation of the membranes of the mouth as soon as it touches them. It is 
therefore not surprising that even though the rats are fond of tallow, they did 
not eat this mixture. 

Another poison we tried was barium carbonate mixed with various baits. 
This carbonate is an odorless and tasteless powder and is recommended by the 
U. S. Department of Agriculture. It is also used by the Indian Government in 
its work against rats. The plantation has tested btrium carbonate more or less 
extensively, the present experiments being a continuatioh of that work. We mixed 
it with oatmeal ; put it in cans in the dry state and placed them out in the field. 
This bait was eaten very freely by the rodents. Other portions were moistened 
with water and made into a sort of doughy mass. We placed this dough in the 
fields, and found that, while it was fresh, the rodents ate it very readily. It un- 
fortunately molds rapidly and in that condition is eaten very sparingly. How- 
ever, it can be molded into cakes and dried in an oven or any other convenient 
manner to improve its keeping qualities. This poison bait did not appear to 
lose its strength on standing. The whole grains of either oats or barley mix 
very well with barium carbonate and are very good baits. However, the rolled 
form of either grain appeared to be the best to use. This mixture is as easily 
made as are preparations with the whole grain and has the advantage that it can 
be molded into cakes that will not readily break apart. The best proportion ap- 
peared to be eight parts by volume of bait to one of poison. 

Some other good features of barium carbonate are that it is very easily 
handled and is not particularly dangerous to human health or domestic animals. 
Although one to one and a half grains suffices to kill a rat, a chicken can take 
fifteen grains without injury and a dog one hundred grains. It is cheap and, 
unlike some of the other poisons, is partaken of very sparingly. The action of 
this poison starts soon after a small portion has been eaten. The rat then st^s 
consuming the bait and goes in search of water. The poison attacks the lining 
of the stomach and causes a desire to drink, and for this reason is recommended 
as a good poison to use in buildings. We found by experimenting upon a captive 
rat that it took about six hours for this poison to complete its work. 

TRAPPING. 

Experiments with traps were also made. It was found that neither oil of 
rhodium nor oil of aniseed attracted rats to the baits, contrary to popular con- 
ception, and that aniseed, in fact, seemed to repel the rodents. Nothing was 
discovered to bear out the belief that rats shun traps which carry the scent of 
human handling. Many traps were found where the captives had been eaten 
by the mongoose. Evidence also showed that the rats attack and eat each other. 

H. P. A. 
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Fiji Disease of Sugar Cane in the Philippine Islands.* 

By Mariano G. Medalla. 

Fiji disease of sugar cane, previously reported only from the Fiji Islands, 
New Guinea, and Australia, has been found in the Philippine Islands. It was 
found on the Island of Mindoro simultaneously by Professor Reinking of the 
College of Agriculture, University of the Philippines, and the writer. Later 
the disease was found in Laguna and Batangas Provinces and was there iden- 
tified by Mr. H. Atherton Lee, just returned from Honolulu, where, through 
the kindness of Dr. H. L. Lyon of the Hxperiment Station, Hawaiian Sugar 
Planters’ Association, he had the opportunity of examining preserved specimens 
of the disease from Fiji, There can be no question as to the identity of the 
disease. 

The varieties Hawaii 109 and Java 247 are rather .severely affected. Yellow 
Caledonia, Louisiana Striped and the native cane varieties Luzon White, Pam- 
panga Red, and Cebu Purple were all affected, but at this time appear to have 
a slightly lesser degree of susceptibility. 

In provinces where the disease is found, considerable losses have been caused 
on all of these varieties. One field of Yellow Caledonia plant was so severely 
affected that it was plowed under. In other fields, plantation managers estimate 
their losses at from 25 to 50 per cent, although the writer believes the.se losses 
possibly are a little over-estimated. The losses from the disease arc apparently 
increasing from year to year. The ratoon fields seem to show more of the disease 
than fields of plant cane. 

To minimize or entirely prevent the losses from the disease, the following 
measures have been taken : 

(1) The Plant Quarantine Board of the Pliilippine Lslands has issued a 
regulation prohibiting the movement of all cane materials from Mindoro, La- 
guna, and Batangas Provinces. No case of the disease has been reported as 
yet in Negros, the large sugar-pro<lucing island; nor has it been reported from 
Cebu or Mindanao. In the absence of a definite report of the disea.se in those 
islands the dome.stic quarantine of the affected provinces seems justified. 

( 2 ) In cooperation with plantation managers in quarantined localities, 
steps are being taken to furnish seed points, from disease-free fields, to plant- 
ers whose fields are affected. 

(3) Through the kindness of Dr. H. L. Lyon, information has been made 

available concerning resistant varieties. Dr. Lyon states that Badila, Rose Bam- 
boo, and Striped Singapore varieties, although not immune, exhibit a degree of 
resistance to the disease. These varieties are available at the Plant Pathology 
laboratories and will be distributed in small amounts to planters in affected 
localities. [L. O. K.] 


From Phytopathology, June, 1921. 



Fertilizer Practices. 


We note from a recent report of the Rothamsted Experimental Station at 
Harpenden* that as a result of their fertiliser tests they are coming to the same 
conclusions in regards to the methods of fertiliser applications as we have ar- 
rived at here in Hawaii: that better returns are obtained from the use of rela- 
tively large amounts of fertiliser rather than by smaller amounts, and that the 
time of application has a very great bearing on the results. W e quote the con- 
clusions of their report. 


The results described in previous reports show that the output from the 
land is much increased by the proper use of artificial fertilizers on carefully 
selected suitable varieties of crops. In the case of cereals, good results have 
been obtained by the use of spring dressings of nitrogenous manures, these being 
required to replace the nitrates washed out during the winter. Experiments, 
however, show remarkable differences in effectiveness according to the time of 
application. It is impossible on present data to formulate hard and fast rules, 
but as shown below it appears that a small dressing ( 1 cwt. sulphate of ammonia 
or less) may go fairly late, while a larger dressing should go on early. 

For many years the Rothamsted data have shown that the yield of crops 
increases with the amount of . manure supplied, but beyond a certain point the 
increase is no longer proportional to the added manure. In the old experiments 
the unit dressing was 200 pounds of ammoniuni salts per acre, and the dress- 
ings were increased up to 800 pounds per acre. It was then found that the 
effect of the last 200 pounds of fertilizer, t. e., of the increase from 600 to 800 
pounds was very small and unprofitable, while the first 200 pounds had proved 
distinctly useful. This is in accordance with the Law of Diminishing Returns. 
It was assumed, therefore, that the law held for light as well as heavy dressings 
of manure and a deduction was made, for which the evidence was rather slender, 
that a small dressing of manure gave the largest profit, while further dressings 
gave a relatively smaller return. 

Recent work, however, has disturbed this view. Two hundred pounds per 
acre of ammonium salts is too large a unit for modem practice, hence more in- 
terest attaches to the effect of the smaller than to the larger dressings. Exam- 
ination of the Broadbalk results shows that the largest return is given, not by 
the first dressing, but by the second. 

The conditions of an experimental field are not ouite those of practice, and 
accordingly a new experiment has been started to see if under ordinary condi- 
tions of farming the highest rate of profit is given by good rather than by small 
dressings of fertilizers. The results of the first year (^1920) suggest that this 
may be so. 


■ “Report 1918-20 with the Supplement to the "Guide to the Experimental Plots,’ 
containing yields per acre, etc. 
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INCBEASE IN WHEAT CBOP, 1920, FBOM SPBING DBES8INGS OF SULPHATE 
OF AMMONIA AND SUPEBPHOSPHATE, 



Grain— 

-Bushels per Acre 

straw- 

— Cwts. per Acre 

Date of application of 
manure 

Feb. 10 

March 6 

May 10 

Feb. 10 

1 1 

I i 

, March 6 May 10 

Single dressing j 

NU. 1 

0.9 

— 

wmm 

6.9 i 9.4 

Double dressing | 

7.0 

• • • 


■n 

... ' 12.7 


While the single dressing (100 pounds sulphate of ammonia per acre) gave 
no appreciable increase in grain, and only a fews hundredweights of additional 
straw, the double dressing gave increases of no less than seven bushels of grain 
and twelve hundredweights of straw. Late application of the double dressing, 
however, was risky, giving an unhealthy straw, liable to lodge and prone to 
disease. [J. A. V.] 

The Human Element in Power Plants.* 

Human interest or personal touch has been sadly neglected in many deal- 
ings with power plants and power-plant apparatus ; this is one reason why. per- 
haps, so many are operated as they are, why the operating force so often fails 
to receive the recognition accorded other workers, and why the power plant is 
too often a thing apart. Perhaps the engineers themselves are largely to blame 
for this. The work of the power plant necessarily serves to isolate its workers ; 
the functioning of the plant is such that only those most closely in touch with 
its modus opcrandi appreciate and understand them. As a consequence it is left 
to itself because the factory or organization managements know little about it 
and because the power-plant personnel, as a rule, make little or no effort to make 
themselves or their work known. 

A trip was recently made through a factory in company with the president, 
who prided himself upon the extent to which he had introduced the human in- 
terest or personal touch in his organization. A cafeteria and rest rooms for the 
employees had been provided, there was a tennis club, a mutual benefit associa- 
tion, group insurance, a visiting nurse and similar welfare activities to show that 
the employer had the interest of the employees at heart. Working conditions 
were good, including ample light, generous ventilation, individual lockers, shower 
baths, etc. A form of employees’ representation had been adopted, as showing, 
further, that human interest and personal contact are vital phases of present-day 
industrialism. 

After the inspection of the factory, and on the way back to the office, the 
president was asked why he had not shown the power plant — the heart of the 
establishment. He replied that he had forgotten about it; he rarely visited it, 
because it was hardly part of the factory proper and was so troublesome anyway. 

* From Power, Vol. 54, No. 14, p. 53.?. 
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As might be surmised from the remarks made, the plant had never had 
much of a chance any more than had its personnel. The boiler room was dark 
and cramped, apparatus was run down, and the whole place looked uncomfort- 
able. Doubtless performance was in keeping with environment. There was 
nowhere for. the men to sit down and rest and reason things out, notwithstand- 
ing that the modern plant requires brain more than it does brawn. There was 
no adeqirate place for the men to change their clothes or wash. There was no 
special place to eat. There was nothing to make the plant fit for human habita- 
tion or encourage good work. 

“How is it,” the president was asked, “that you have carried your em- 
ployees’ welfare so far in your factory and yet apparently have done nothing 
in the same direction in your power plant?” “Oh,” he said, “it is pretty diffi- 
cult to do anything here, because these fellows are hard to please. They do 
not seem to mix with the rest of the employees, and anyway, I hardly consider 
this part of the plant.” 

This little incident holds true for numerous plants — and the more's the pity. 
The managment does not think; it divorces its power plant from the rest of the 
establishment notwithstanding that the entire works depends upon the function- 
ing of the power plant and the loyalty of its workers. 

The engineer who obtains the viewpoint of those that must pass on his sug- 
gestions is more likely to “sell” his ideas than the one who sees only his own 
viewpoint. There are different ways of explaining a thing, and very often the 
less technical it is the better. Introduce the personal element, or human interest. 

Insist on being “one of the boys” when it comes to employees’ welfare. If 
the company issues a house organ, make it a point to have brief mention of the 
power plant, what it is doing and who comprise the personnel. It pays to ad- 
vertise. A little insistent publicity in a legitimat,’ way, telling of the good work 
the men are doing, how admirably the plant is accomplishing its task and similar 
“human Interest” propaganda will do wonders in winning the recognition that 
the power plant and its crew usually deserve. [W. E. S.] 


The Aeroplane in Agriculture and Forestry. 


’Hiat agriculture is to benefit from aeronautics is now evident from recent 
developments along this line. The use of the aeroplane in patrolling forest re- 
serves on the mainland, in connection with the detection and control of forest 
fires, has been perfected and is now in common practise. Using aeroplanes for 
dropping tree seed in the reforestation of cut over timber land, we understand 
has been proposed, but we do not have at hand information as to whether this 
has been employed in practise. 

The aeroplane has other uses in agriculture, one of which extends to eco- 
nomic entomology. An article entitled, “Spraying Trees From an Aeroplane,” 
from the “Aerial Age,” August 29, 1921, reads : 
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The novel experiment of spraying a grove of trees from an aero- 
plane, the first ever attempted in the United States, was made on August 
4 over the farm of Harry A. Carver, near Troy, Ohio, to prevent fur- 
ther ravages of worms which have twice practically defoliated this grove 
of 5000 Catalpa trees. The plane, piloted by Lieut. Johan A. Macready, 

Air Service, ahd carrying E. Dormoy, McCook Field, designer, who 
constructed the sifter used to .spray the arsenate of lead powder, flew 
within 20 or 25 feet of the top of the trees, releasing the powder which 
was carried by the wind and air currents from the ship’s propeller into 
every part of the grove. 

Treatment of trees in this manner saves much time and labor, as 
an aeroplane in a few minutes can do work which would require a num- 
ber of men and many pump sprays several days. The effect of this 
experiment will be watched with interest by entomologists and forestry 
experts in many parts of the country, especially in the east, where a 
similar scourge is working havoc with many magnificent elm trees. The 
idea of utilizing an aeroplane for this purpose originated with C. R. 
Neillie, of Cleveland, who came to Troy to witness the first trial. H. A. 
Gossard, Chief of the State’s Department of Entomology, also came to 
witness and assist in the experiment. 

Mr. Dormoy is understood to be working on a new hopper which 
will simplify spraying of the powder, and McCook Field officials have 
indicated their willingness to cooperate with farmers and with the De- 
partment of Agriculture in combating insects and tree infection. 

This experiment connects in an interesting way with the recent work of our 
entomologists in employing dust in.secticides as a substitute for liquid sprays in 
leafhopper control. Exjjeriments conducted by H. 'J'. O.sborn showed that a 
nicotine dust preparation had certain advantages over solutions based on the 
same ingredients. 

It is not unrea.sonable to suppose that some adaptation of the method of 
controlling worms in Catalpa trees, with arsenate of lead, may be applied in 
employing a nicotine dust to control obstinate outbreaks of leafhopper, in the 
event that these should continue to recur. The expensive equipment required 
would perhaps be offset by the vast area that could be covered in a short time 
by aeroplane. The spraying or dusting of cane one to two years old has never 
been feasible and perhaps these new uses of aeroplanes offer a solution. 

Dr. H. L. Lyon, George A. McEldowney, and the writer have discussed the 
IX)ssibility of employing aeroplanes for sowing tree seed over watersheds where 
the native flora is in a depleted condition. Plans for experiments in this direc- 
tion are now being discussed with the Hawaiian Department of the U. S. Army 
and the Board of Agriculture and Forestry. H. P. A. 
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Clarification. 


By W. R. McAllep And H. F. Bomonti. 

Increase in Purity. 

During the last few years the increase in purity, from mixed juice to syrup 
in Hawaiian factories has been steadily decreasing. Since 1918, the average 
shown in the Annual Synopsis of Mill Data has decreased from 1.79 to 1.13. 
This investigation of clarification was begun, largely, because of the apparently 
poorer average results secured and because of differences of opinion as to the 
preferable way of conducting the clarification. 

The first juices examined were from the Experiment Station plots in Hono- 
lulu. Afterwards mixed juice samples from different Oahu factories, the greater 
part of them, however, from Honolulu Plantation Co., were studied. Later a 
few samples of juice that gave trouble in factory practice on account of poor 
settling were secured. The juices can be divided into two fairly distinct classes, 
those clarifying well and on settling leaving a comparatively clear juice and those 
in which lime and heat failed to produce a satisfactory clarification, leaving tur- 
bid settled juice. Increases of from 2.5 to 4.0 points in apparent purity have 
been secured in juices of the first class. Juices of the second class have not yet 
been thoroughly studied. Much smaller increases in purity were secured, how- 
ever, than in juices giving a satisfactory clarification. 

A close estimate of the size of the possible increase in purity comparable 
with the Annual Synopsis figures for the actual increase cannot now be made. 
The juices studied were drawn from a somewhat limited area; a considerable 
proportion of them from a small area, and there is but little information indicat- 
ing what proportion of the whole is made up of the second class of juices. Data 
now available, however, show the characteristics of the first class of juices at 
different reactions of the clarified juice and also how clear clarified juices can 
be secured from juices of the second class. For this reason it seems advisable 
to publish these data at the present time, rather than to wait till seme of the 
details can be more thoroughly studied. 

The increases in purity herein reported are comparable with increases in 
purity from mixed to clarified juice, rather than with increases in purity from 
mixed, juice to syrup, ordinarily referred to when the term is used. We would 
note, however, that the latter ought to be larger than the increase in purity from 
mixed juice to clarified if the clarification, filter press work, etc., is carried on so 
that no deterioration or inviersion takes place, because of the well-known tendency 
of the polarization to ntoarease in proportion to the sucrose during clarification, 
evaporation and boiling. 

Two major factors contribute to the increase in apparent purity from mixed 
to clarified juice shown by the routine chemical control. These are the mechan- 
ical and the chemical removal of solids from the juice. A third factor in heavily 
limed juices, is the increase of polarization in proportion to sucrose. 
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Mechanical Increase in Purity. 

Mixed juice as it comes from the mill contains suspended matter in amounts 
varying with the mill equipment, the amount of soil adhering to the cane, and 
the thoroughness with which the juice is screened. This suspended matter varies 
in size from the largest particles that can pass the mill screens to colloid disper- 
sions of ultramicroscopic dimensions. Without further discussing the classifica- 
tion of colloids, we consider it proper to include colloids that contribute to the 
mechanical increase in purity with the suspended solids because they are of suf- 
ficient size to be removed by filtration without resorting to coagulation or other 
means 1o reduce their degree of dispersion. 

Though the suspended solids are not in solution they influence the solids 
determination. If this is made by drying, they affect it to the same extent that 
they would if they were in solution. If it is made with a hydrometer the effect 
is less, corresponding to the amount that the apparent specific gravity of the juice 
is increased. The latter effect will also vary according to the manipulation. If 
the juice is mixed immediately before determining the brix, the maximum effect 
will be obtained. If the juice is allowed to stand, the effect will be smaller ac- 
cording to how completely the suspended matter has settled when the hydrometer 
reading is made. The brix of a juice before clarification is then somewhat in- 
definite, but is always higher than the brix due to the solids actually in solution. 
The purity calculated from this brix will, therefore, be lower than the actual 
purity, or ratio of sugar to dissolved solids. 

The suspended matter including all but a very small proportion of the col- 
loids can be removed by filtration. After such filtration the brix can be consid- 
ered as that due to the dissolved solids and the purity calculated from this brix, 
the ratio of sugar to dissolved solids. The ‘‘mechanicar^ increase in purity is 
the difference between this purity and the purity as determined on the unfiltered 
juice. 

The ''mechanicar’ increase in purity has been determined on a considerable 
number of juices in this investigation. The mixed juice samples were allowed 
to stand for half an hour or more and when necessary the surfaces cleaned by 
flooding before determining the brix. Suspended matter that had passed the 
mill screens was not removed. The following filtration method was used : A 
liter of juice was mixed with approximately 50 grams of ^ktesclguhr and filtered 
over reduced pressure through a Buchner funnel prepared in the following man- 
ner: A disc of 24 mesh brass screen, 9 cm. in diameter was placed in a 15 cm. 
funnel and covered with a moistened, rather heavy, 12.5 cm. filter paper. When 
vacuum was applied, the edges of the moistened paper were drawn down form- 
ing a seal. The filtration of a liter of juice was usually complete in between one 
and two minutes. The filtrate was then passed through a second funnel simi- 
larly prepared, except that a hardened filter paper was used. The second filtra- 
tion was usually completed in from 10 to 15 seconds. After filtration, by this 
method, juices are limpid and apparently free from suspended matter. When 
examined by the ‘Tyndall cone,” that is a beam of light passed through the 
juice in a darkened room, the cone is distinctly visible and the dispersed light is 
polarized, indicating that this filtration does not completely remove the colloids. 
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The following tabulation shows the average mechanical increases in purity 
obtained in juices from different sources, and also a comparison with the maxi- 
mum increase obtained on clarifying the unfiltered juice with lime: 

TABLE I 


Mill 

Number 
of Samples 

Increase ii 
Pui 

Mechanical 

1 Apparent 
rity 

Total 

Mechanical 

of 

Total 

Experiment Station 

16 

0.46 

2.89 

16% 

Honolulu Plantation Company 1 

7 

0.97 

2.96 

33% 

Honolulu Plantation Company 2 

1 

0.3 

2.9 

10% 

Waialua 

2 

0.5 

2.69 

19% 

Ewa 

2 

0.6 

2.8 

21% 

Waimanalo 

1 

0.6 

0.8 

75% 

Avorage 

. . 

0.58 

2.72 

21% 


The juices marked “Experiment Station” were expressed in a small three- 
roller mill at the Station. All other samples, with the exception of Honolulu 
Plantation No. 2, were mixed juice, as it was sent to the boiling hou.se at the 
factories named. The sample designated Honolulu Plantation Co. No. 2 was 
mixed juice after passing through a 100 mesh screen. 

The size of the mechanical increase in purity in juice from the different 
sources follows somewhat closely what might be expected from the milling and 
screening practice. That is, where the practice is such that large quantities of 
suspended matter would be expected in the juice, the increase is larger than 
where smaller amounts are probable. At the Experiment Station there is no 
screen, but the milling is very light. The cane is shredded at the Honolulu Plan- 
tation and the screen is coarse. At Waialua and Ewa the cane is rather finely 
divided, the milling heavy, and the screens fine. At Waimanalo the milling is 
light and the screen coarse. Referring to the sample marked “Honolulu Plan- 
tation Co. No. 2,” it will be noted that removing the suspended solids retained 
on a 100 mesh screen, reduced the mechanical increase in apparent purity to one- 
third of the average value found in other juices from this source. 

Zerban ^ found an average mechanical increase in purity of 0.45 in seven 
determinations. He also concludes that “the ‘mechanical’ side of clarification is 
infinitely more important than the ‘chemical effect.’ ” The mechanical increases 
in purity shown in Table 1 agree reasonably well in size with those found by 
Zerban, with the exception of the juices from the Honolulu Plantation. 

The ratio mechanical increase in purity to total increase obtained by lime, 
heat and filtration, appears in the last column of the table. The sample of juice 
from Waimanalo is the only one in which the mechanical is the larger part of 
the total increase. This was a juice of the second class. It did not clarify well 
and the total increase in purity was small. Juices from Honolulu Plantation, 
with an average of 33%, show the next largest percentage of mechanical to 

1 Louisiana Bulletin No. 173. 
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total increase. High individual samples of these juices were 38.5, 41, and 50%, 
respectively. All other juices listed in the tabulation show a much smaller ratio. 
The average of all determinations was 21%. It is probable that this figure is 
representative of Hawaiian conditions, though present information is too limited 
to justify a definite conclusion to this effect. The reason this figure differs so 
much from the 72% found by Deerr^ is that in obtaining it, solids were de- 
termined with a hydrometer as in factory practice, while Deerr determined solids 
by drying. Comparisons of ihe mechanical increase in purity in experiments 
such as Deerr’s, where the solids are determined by drying, with increases in 
purity shown by the ordinary control figures, where the solids are determined 
with a hydrometer, are misleading. The proportion that the meclianical bears 
to the total increase in purity shown by the control figures is less than would 
be inferred from such experiments. 

The mechanical increase in purity cannot be regarded as a real increase 
in the sense that the ratio of sugar to dissolved solids has been changed. It 
is rather to be regarded as due to an error in the methods of analysis in the 
case of juice containing suspended matter, caused by the effect of this sus- 
pended matter on the solids determination. It is, of course, necessary to re- 
move suspended matter from the juices before continuing with the manufac- 
turing process, but when increases in purity due to chemical treatment as large 
as those shown in the table are secured, Zerban’s conclusion that “the mechan- 
ical side of clarification is infinitely more important than the chemical effect’’ 
seems hardly justified from the standpoint of the manufacture of raw sugar. 

Though the proportion of suspended matter remaining in a well clarified 
juice is comparatively small, all of the mechanical increase in purity will not 
be realized in ordinary clarification for two reasons. First, the remaining sus- 
pended matter will depress the clarified juice purity slightly. We ha\e found 
a maximum difference in purity of 0.2 before and after filtering a well clari- 
fied and settled juice in the manner previously dcscrilK'd. The average of a 
number of determinations is less than 0.1. Second, the suspended matter is 
subjected to the action of lime and heat before its removal, such action dis- 
serving a part of the fiber. This subject has been treated in a recent articlc.^*^ 
This factor will normally be larger, than the first. While there is not a definite 
quantitative relation between the amount of suspended matter present in the 
mixed juice and the depression of the jnirity, such data as are available at pres- 
ent seem to indicate that the solution of suspended matter during clarification 
can offset from a third to a half of the mechanical increase in apparent purity. 

Chkmical Incrkask in Purity. 

The chemical increase in purity in the lime defecation process is due to the 
precipitation of soluble solids from the juice by the action of heat and lime. 
Gums, proteids, phosphates and bases with the exception of alkalies are precipi- 
tated. Colloids are coagulated and settle, together with the greater part of the 


2 Record, Vol. 19, page 50, 

3 Record, Vol. 25, No. 3. 



remaining suspended matter, except the portion of the latter dissolved by the 
lime, the settling being facilitated by the heavy precipitate of phosphates and 
bases. 

While much has been written on clarification, the possible increase in purity 
has been given minor consideration. Opinions expressed as to its size vary 
from one to four points, these opinions, no doubt, being influenced by the quality 
and composition of the juices that have come under a particular writer’s ob- 
servation. 

This investigation of the chemical increase in purity has been directed prin- 
cipally toward obtaining data applicable to Hawaiian conditions regarding the 
effect of varying amounts of lime on the purity and determining under what 
conditions the maximum increase in purity can be secured. The work has been 
carried on in a manner approximating as nearly as practicable factory conditions, 
and the results expressed so as to be closely comparable with control figures. 
To this end the juices have been clarified in the presence of whatever suspended 
matter they happened to contain, reactions are referred to litmus as an indicator, 
and results are expressed in terms of apparent purity. The relation of increase 
in apparent to increase in gravity purity and the relation of litmus to phenolph- 
thalein reaction have also been studied. 

The general procedure has been to clarify liter portions of a sample of 
juice with different amounts of lime, to obtain a series of clarified juices pref- 
erably running pa.st the point where the maximum increase in purity was se- 
cured. The limed juices were boiled, allowed to settle on a steam bath for an 
hour to an hour and a half, and filtered in the manner previously described. 
Analyses were made by the dry subacetate of lead method. The above pro- 
cedure is the equivalent of factory practice, with the exception of the filtration. 
Filtration was more convenient than attempting to decant the comparatively small 
amounts of juice used and a higher degree of accuracy in analyses was obtain- 
able with the disturbing effect of suspended matter eliminated. As previously 
noted the filtration has a slight effect only on the apparent purity of a well 
clarified and settled juice. 

The litmus used in titrations is in the form of a sensitive non-absorbent 
paper * prepared for this purpose. The procedure was to add the standard solu- 
tion to the sample in small portions till the neutral point was passed, a drop 
being placed on the paper after each addition. After the last addition of standard 
solution, the drops were shaken off, leaving a row of spots graduated in color 
from red to blue. The neutral point can be determined with a high degree of 
accuracy. The color of the solutions does not interfere. Solutions as dark as 
molasses can be accurately titrated by this method. 

Reactions have been expressed in per cent CaO ; that is, CaO equivalent to 
the amount of standard acid or alkali necessary for neutralization, calculated 
to percent on the juice. This is a method of expression that has become con- 
ventional in the beet industry. The method of expressing reactions sometimes 
used in the cane industry, cubic centimeters of normal acid or alkali per 100 


< Papier Eeactif Tournesol Sensible, made by Ch. Gallois & Fils. 
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cubic centimeters of juice, may be converted to this standard by multiplying 
by .028. 

At present, data for twenty clarification series are available. With one ex- 
ception these juices were of the class that clarify and settle satisfactorily. Though 
a few samples of the other class have been secured, to date the work on such 
samples has been directed principally toward finding the reason for the charac- 
teristics shown by them, and but one at all complete series showing the purity 
at a number of different reactions is available. As the clarifications were made 
in the presence of suspended matter the whole of the mechanical increase in 
purity was not realized and the figure obtained by subtracting the mechanical 
from the total will be smaller than the actual chemical increase. This applies 
particularly to figures for gravity purity. In apparent purity the effect of not 
realizing the whole of the mechanical increase on the figure for chemical increase 
is offset to a greater or less extent by the change in the ratio of polarization to 
sucrose. 

The following tabulations and grajdis are with reference to juices that 
clarify satisfactorily. Table II and Figure 1 show the results of an experiment 
where a large increase in jnirity was secured. The juice was Lahaina from Hono- 
lulu Plantation Co. The low purity of this juice was due to delayed harvesting. 
We would note that the inspection of all available data does not indicate any 
apparent connection between low purities due to this cause and the size of 
the possible maximum increase in purity. However, if only sufficient lime is 
added to result in a clarified juice neutral to litmus the tendency is for the in- 
crease in jnirity to be very small. In this case the increase in purity at the neutral 
point to litmus was but little larger than was obtained by filtration alone. 

TABLE II 


Treatment 

Reaction 

Litmus 

Reaction 

Phenol- 

phthalein 

Purity 

Apparent j Grjivity 

% CaO 

Mixed 

Juice 

.012 

acid 

.085 

acid 

75.52 

77.54 

.... 

Filtered 

.012 

4 4 

.085 

4 4 

70.37 

78.50 

.030 

2 

ee. 

lime 

.003 

4 4 

.009 

44 

70.43 

78.35 

.027 

4 

< i 

i ( 

.003 

alk. 

.050 

4 4 

76.75 

78.68 

.020 

f) 

t ( 

4 4 

.000 

4 4 

.029 

4 4 

77.53 

79.49 

.025 

8 

i ( 

t 4 

.008 

4 4 

.012 

4 4 

78.00 

80.20 

.033 

10 

1 1 

4 4 

.010 

4 4 

.007 

4 4 

78.90 

80.43 

.042 

12 

t i 

4 4 

.012 

4 4 

.005 

4 4 

79.14 

80.60 

.... 

14 

i i 

4 4 

.013 

4 4 

.004 

4 4 

79.22 

80.63 

.065 

10 

i ( 

4 4 

.015 

4 4 

.002 

4 4 

79.61 

80.65 

.081 

18 

i t 

4 4 

.017 

4 4 

0 


79.86 

80.92 

.089 

20 

t i 

4 4 

.020 

4 4 

i .003 

alk. 

79.14 

80.20 

.102 


Purities and lime salts are plotted against reaction to litmus in Figure 1. 
The scales for purity, lime salts, and reaction to litmus are respectively at the 
left, right, and bottom of the graph. Figures opposite points on the apparent 
purity curve are for reaction to phenolphthalein. Underlined figures for re- 
action indicate acidity. The figures at the bottom imimediately above the scale 
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for litmus reaction indicate 
the cubic centimeters of a 
10' brix lime suspension 
used. Mechanical increase 
in purity is indicated by 
vertical lines joining the 
left of the purity curves. 
As noted above, the in- 
crease in purity at the neu- 
tral point to litmus is but 
slightly larger than the me- 
chanical increa.se in purity. 
The steepest part of the 
purity curve is between 
neutrality and .008 alkalin- 
ity to litmus. From the lat- 
ter point to phenolphtha- 
lein neutrality the curve is 
somewhat flattened. In this 
portion of the curve, com- 
paratively large amounts of 
lime were required to make 
a small change in reaction 
either to litmus or phe- 
nolphthalein. The maxi- 


j mum increase, both in 

gravity and apparent pu- 
rity, is at the neutral point to phenolphthalein. After this point is passed the purity 
curves decrease sharply. The increase in gravity and apparent puritv is ap- 
proximately the same to ,006 alkalinity to litmus. From .006 to .008 the two 
curves show a slight tendency to converge. From the latter point to the neutral 
point to phenolphthalein this tendency is much more pronounced, and indicates 
that between .these points some 50% of the increase in apparent purity was due 
to the precipitation of impurities and .50% due to a change in the ratio of polar- 
ization to sucrose. The two curves converge much more rapidly after the neutral 
point to phenolphthalein is passed. The increases in apparent purity in this 
series were: mechanical, 0.85, and total, 4.34. In gravity purity the figures 
were: mechanical, 0.96, and total, 3.38. 


In this experiment the lime salts decreased slightly up to .006 litmus alka- 
linity. At .008 they were close to the original amount, increasing after this 
point till at the neutral point to phenolphthalein they were three times the orig- 
inal amount. The increase in lime salts at phenolphthalein neutrality to three 
times the original amount is in good agreement with other experiments on juices 
of the class that clarify well. The slight decrease shown in the more acid mem- 
bers of the series is rather exceptional. 

In this experiment two points of particular interest are fairly sharply de- 
fined. These are: .(X)8 alkalinity to litmus, corresponding to .012 acidity to 
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phenolphthalein, and neutrality to phenolphtlialein. At dose to the fonner point 
examination of the ash indicated that precipitation of phosphates and bases was 
finished. This was also the point where lime salts began to increase rapidly. 
Up to this point the change in reaction to phcnolj)hthalein and the amount of 
lime used were in a definite proportion. Past this point the same amount of lime 
caused a much smaller change in this reaction. If purities are plotted against 
the amount of lime used, a definite change is noted at this point. On the acid 
side 1 cc. of the lime suspension used caused an increase of approximatdy 0.35 
in both apparent and gravity purity. Between this point and neutrality to phe- 
nolphthalein the same amount of lime caused an increase of 0.12 in apparent 
and 0.07 in gravity purity. The neutral point to phenolphthalein is of particular 
significance because here the maximum increase in gravity and apparent purity 
was secured, and here also another marked change in the relation of gravity to 
apparent purity occurred. 

Table III and Figure 2 contain the data of a series on juice from H 5001 
cane grown at the Experiment Station jdots. This is a case where a large in- 
crease in purity was secured in juice of about average purity. 


TABLE III 


Treatment 

Reaction 
, Litmus 

Reaction 

PliCiiol- 

phthalein 

Apparent 

Purity 

OaO 

Mixed 

tluicc 

. . .016 acid 

.OSO acid 

83.43 

.021 

4 cc. 

Lime 

0 

.(ICO “ . 

85.84 

.025 

H 

i i 

.. .000 alk. 

.0.{4 “ ' 

80.34 

.025 

12 

1 1 

.. .010 '' ' 

.008 “ 

80.51 

.033 

Id 

( t 

.. .012 ‘‘ 

.002 “ : 

87.10 1 

! .038 



Though a large increase in ap- 
parent purity, 3.73, was secured 
in this series, it is not certain 
that this a])proximated the pos- 
sible maximum, for neither neu- 
trality to phenolphthalein nor a 
j)oint showing a decrease in 
purity was reached. This series 
diflfers from the preceding, in 
that a large increase in purity 
was found at the neutral point to 
litmus. Also the increase at this 
point was a very much larger 
proportion of the total increase. 
Lime salts increase slowly at 
first and afterwards rapidly, the 
point where the change occurs 
agreeing closely with the corre- 
sponding point in the preceding 
series. 
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Table IV and Figure 3 are data for a series in which a somewhat smaller 
increase in purity, 2.53, was secured and in which the addition of lime was 
carried considerably beyond the neutral point to phenolphthalein. The juice 
was D 1135 from Oahu Sugar Co. The purity was low on account of delayed 
harvesting. In this connection it will be noted that the increase in purity at the 
neutral point to litmus was very small. 

TABLE IV 




m. JX£. 0 MS m .0/s .OZO ms j030 ms .040 
Litmu$ Reaction 

Figure 3. 


The maximum increase in both apparent and gravity purity was at the neu- 
tral point to phenolphthalein. Past this point there was a gradual decrease in 
apparent and a rather rapid decrease in gravity purity. The relation of gravity 
and apparent purity is similar to that shown by the curves in Figure 1. In the 
portion of the curve immediately on the acid side of the neutral point to phe- 
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nolphthalein, some two-thirds of the increase in apparent purity is confirmed by 
the increase iii gravity purity. 

The lime salts, plotted in Figure 3, begin to increase rapidly at a lower 
alkalinity than in the two preceding experiments. However, no points are avail- 
able between .002 and .010 litmus alkalinity. Comparison with other lime salts 
curves indicates the probability that the change in the lime salts curve would 
be shown at .006 to .007 litmus alkalinity were these points available. 

At phenolphthalein neutrality lime salts were some three times the amount 
originally in the juice. On the alkaline side of this point the lime salts continue 
to increase rapidly, 

I'able V and Figure 4 show data for a series in which an increase in ap- 
parent purity of 2.69 was obtained in a very high purity juice. The juice was 
from Waialua Agricultural Co., and resulted from Yellow Caledonia cane. 


TABLE V 



Treatment 

I Reaction 

1 Litmus 

Reaction 

Phenol- 

phthalein 

Apparent 

Purity 


Mixed Juice 

. .! .010 acid 

.078 

acid; 88.46 

.074 

Filtered Juice .... 

. .1 .010 

.078 

4 1 

89.13 

.074 

2 cc. Lime 

. .: .004 

.058 

4 4 

89.37 

.059 

4 

< < 

. . . 000 alk. 

.038 

4 4 

89.76 

.023 

6 

1 1 

. J .010 ! 

.024 

44 

89.92 

.005 

8 

i t 

.016 

.014 

4 4 

90.01 

.005 

10 “ 

4 4 

.020 

.007 

4 4 

90.50 

1 .005 

12 

4 4 

..i .024 

.001 

alk. 

91.15 

1 .005 



<3 

ce 


Though the neutral point 
t o phenolphthalein was 
passed, the most alkaline 
juice of the series was the 
highest in purity, and it is 
not certain that the maxi- 
mum was reached. A fair 
increase in purity was se- 
cured at the neutral point 
to litmus. Lime salts were 
not determined. In this case 
the lower curve is the P 2 O,., 
content. The precipitation 
of PoOr, was in proportion 
to the change in reaction to 
litmus, stopping at .010 al- 
kalinity, at which point the 
percentage was reduced to 
.005. 




The twenty series have been averaged and the results shown graphically in 
Figure 5. Points in the purity curve were located in the following manner. The 



average acidity of all the original juices was taken as the starting point. Above 
this the average mechanical increase hi purity was plotted. Next all clarified 
juices between .007 and .003 acid to litmus were averaged and plotted. This 
range included all the more strongly acid of these juices. Thei^ioints for juices 
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between .002 acid and .002 alkaline to litmus, .003 and .007 alkaline, etc., were 
located in the same manner. The curves for lime salts and phenolphthalein re- 
action were similarly constructed. 

The curve for apparent purity rises rather sharply to the neutral point to 
litmus, the increase in purity indicated being due to a considerable extent to the 
removal of suspended matter. The steepest part of the curve is just past the 
neutral point to litmus. This is followed by a somewhat flattened portion, reach- 
ing a maximum at a point closely corresponding to the neutral point to phe- 
nolphthalein. After the maximum point the purity curve shows a sharp de- 
crease. Exact figures for points of the purity curve are: 


Initial j)uHty 82.^0 

Maximum increase 2.87 

Mechanical increase 0.58 

Increase at litmus neutrality 1.0 


Six of the series included in the average were on juices from cane that had 
deteriorated because of delayed harvesting. On account of the tendency of such 
juices to give a comparatively small increase in purity till after the neutral point 
to litmus is passed the figure for increase in purity at this ix)int is probably 
somewhat lower than if sound juices only had been studied. For further in- 
formation on this point, data for sound and deteriorated juices in Table VI 
have been averaged separately. The last item in the tabulation is a juice of 
the second class, failing to give a good increase in purity on clarification. With 
this item included the increase in purity in the deteriorated juices at litmus 
neutrality is 43Vr of the increase at the corresponding point in the sound juices. 
With this item excluded the ratio is 35%. 

Table \'I is a comparison of increases in jnirity at tlie neutral points of 
litmus and phenolphthalein. All series in which both points are available are 
included. 


TABT.E VI 

Juice From Sound Cane 


Cane 

Mixed Juice 
Purity 

Increase in Purity 
at Neutral Point 
to Litmus 

Increase in Purity 
at Neutral Point 
to Phenolpthalein 

H 5001, Experiment Station.. 

84.28 

0.50 

1.57 

H 5001, Experiment Station.. 

8S.12 

1.40 

3.02 

TI 5001, Experiment Station.. 

83.43 

1.31 

3.73 

Y. C., Aiea 

83.2 

1.10 

2.0 

H 109, Experiment Station... 

83.9 

1.0 

2.0 

H 109, Aiea 

82.24 

0.04 

3.0 

Averaf^e 

84.36 

1.11 1 

I 2.75 
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Juice From Deteriorated Cane 


Lahaina, Aiea 

75.49 

0.48 

3.11 

D 1135, Waipahu 

76.82 

0.16 

2.22 

Lahaina, Aiea 

75.48 

1.22 

2.96 

D 1135, Waipahu 

78.35 

0.12 

2.53 

Lahaina, Aiea 

75.52 

1.07 

4.34 

Y. C., Waimanalo 

74.07 

^0.07 

0.53 

Average 

75.9 

^0.50 

2.62 


It will be noted that in juices from sound cane the increase in purity at 
litmus neutrality was 40% of the increase at phenolphthalein neutrality. In juices 
from deteriorated cane it was 19%. The increase in purity, .shown in the last 
column, was not in all cases the maximum. 

The lime salts curve in Figure 5 shows a gradual increase to a point about 
midway between litmus and phenolphthalein neutrality. Beyond this point the 
increase is more pronounced. At phenolphthalein neutrality, lime salts are ap- 
proximately three times the original amount. 

As previously noted the increase in apparent purity is due principally to 
the removal of impurities, but is also due to some extent, particularly in the 
more alkaline juices, to the change in the ratio of polariation to sucrose. Gravity 
purities are not available for a sufficient number of series to plot a gravity purity 
curve in Figure 5 , for comparison with the apparent purity. The following fig- 
ures, however, are the averages of six clarification series in which both gravity 
and apparent purities are available. 


Beaction to litmus 010 .002 .004 .008 .012 .015 .019 

Gravity Purity ^"30 83.15 83.65 84.45 84.97 84.55 84.55 

Apparent Purity 81.27 82.19 82.77 83.64 84.30 84.08 84.31 


Difference 1.03 .96 .88 .81 .67 .47 .24 


Over 90% of the increase in purity indicated by the apparent purity figures 
is confirmed by figures for gravity purity till .008 litmus alkalinity is reached. 
From .008 to .012 alkalinity some 80% of the increase in apparent purity is con- 
firmed. At higher alkalinities differences between apparent and gravity purities 
rapidly decrease. 

Litmus and phenolphthalein give entirely dissimilar indications, not only 
with respect to the neutral jxnnt, but in the relative results obtained on titrating. 
The curve for the. relation of litmus to phenolphthalein 'reaction in Figure 5 has 
been plotted not so much in an attempt to establish a definite relation between 
them as to remove some of the confusion that exists as to the indications given 
by the two indicators when used in cane juice. The curve shows juice neutral 
to litmus to have an acidity of .047 to phenolphthalein. In juice neutral to phe- 
nolphthalein, however, an alkalinity of but slightly over .015 to litmus is shown. 
Approximately the same ratio of three to one holds good from litmus neutrality 
to the acidity of the original juice. The individual points for juices of the first 
class lay close to the curve, indicating that it may be taken as fairly representa- 
tive of this relation in such juices. With juices of the class that do not clarify 
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satisfactorily a different relation exists, particularly in the region between the 
neutral points of the two indicators. 

Juices That Do Not Ci^arify Well. 

We include in this class juices that on clarification will not give a large 
increase in purity and that will not settle in a reasonable time, leaving a clear 
solution. The only available clarification series that is at all complete on a juice 
of this class, is on Yellow Caledonia juice from Wainianalo plantation. All 
members of the series settled poorly and the maximum increase in purity was 
small. Data for the series are in Table VH. 

TABLE VII 


Treatment 

1 Apparent 
! Purity 

Reaction 

Litmus 

Reaction 

Phenol. 

^yr PoO. 

Mixed ,Tuice 

74.07 ' 

.012 acid 

.083 

acid 

.029 

Filtered Juice 

74.65 

.012 “ 

.083 

( t 


‘i CCS. TJmo 

74.00 

Neutral 

.048 

i t 

.023 

fi “ " 

74.8.3 

.020 iilk. 

.0.38 

1 1 

! .007 

9 

74.74 

.030 “ 

.018 

( t 

.006 

12 

74.23 

.040 “ 

.012 

(t 

.006 

15 

74.00 

.050 “ 

: .006 

i i 

.005 

18 '' 

74.74 

.055 “ 

.002 


.006 

21 

74.00 

.060 “ 

Neutral 

.005 


This juice differed from juices of the first class, not only in settling and 
size of the increase in purity, but also in the relation of phcnolphlhalein and 
litmus reaction, and in the lime reciiiircmcnt. From the acidity of the mixed 
juice to the neutral point to litmus the relation of phenoliihthalein and litmus 
reaction agrees approximately with the curve in Figure 5. At neutrality to 
phcnoljdilhalein, however, the alkalinity to litmus is .0t)0 instead of close to 
.015, the figure indicated by this curve. Compared with juices of the class that 
clarify satisfactorily, the amount of lime rccjuired to reach the neutral point to 
litmus is about what would be expected. Piet ween litmus and phenolphthalein 
neutrality a given amount of lime caused about the expected change in reaction 
to phenolphthalein, but some four times the change in litmus reaction that would 
be inferred from previous series. The maximum increase in purity was secured 
with 6 cc. of lime per liter. The reaction at this point was .020 alkalinity to 
litmus and .038 acidity to phenolphthalein. The litmus reaction of the point of 
maximum increase in purity was in fair agreement with that for the point of 
maximum increase in series on the other class of juices. Phenolphthalein re- 
action at this point and the amount of lime required to reach it do not, how- 
ever, agree at all with previous results. The maximum increase in purity, 0.76, 
is but 0.18 higher than the increase obtained by filtration alone. There was a 
decrease in purity at the neutral point to litmus. In the more alkaline members 
of the series the purities were quite irregular. 

While the data available for this class of juice do not go far toward de- 
fining either the size of the possible increase in purity or the reaction at which 
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the maximum can be obtained, considerable data 'are available pointing toward a 
close relation between low phosphoric acid content and the characteristics shown 
by this class of juiges. 

Attention was first directed to the phosphoric acid content while examining 
juices giving turbid settled juice and small increases in purity at Oahu Sugar 
Co. D 1135 juice that settled most unsatisfactorily, after the addition of di- 
sodium phosphate equivalent to 0.02% PjOr, and liming to the point where the 
PjOg was precipitated, g^ave a clear, almost limpid settled juice. H 100 juice 
also giving trouble contained .015% P.Og. Increasing the PjOg to .035% re- 
sulted in clear settled juices. Lahaina juice with .027% PgOj was giving a fair, 
though not by any means clear, settled juice. Following this examination a 
soluble phosphate was used in the factory while these juices were handled and 
excellent settling was secured. Better settling was accompanied by a better in- 
crease in purity. It is probable that this was dite to the fact that the clarifica- 
tion was conducted at a more alkaline reaction, rather than to actual precipita- 
tion of impurities by the phosphate added. 

The Waimanalo sample which did not settle or give a good increase in 
purity (Table VII) contained .029% PgO.,. On clarification this was reduced 
to .006% in the more alkaline members of the series. A sample of Yellow Cale- 
donia juice from Waialua (Table V and Figure 4) gave a clear settled juice 
and a fairly large increa.se in purity. This juice contained .074% PjO.. The 
PgOg content was reduced at .010 litmus alkalinity to .005%. A sample of juice 
from Ewa gave an increase in purity of 2.8 and well settled juice. The PaO,. 
content was .034%. This was reduced to .004% in the more alkaline clarified 
juices. 

Six samples of juice were clarified with 5 and 8 cc. of lime, with the ob- 
ject of further studying the phosphate content. The data are in Table VTII. 

TABLE Vin 


Sample 

Mixed Juiee 

Clarified Juice 

5 eea. Lime per Liter 

Clarified Juice 

8 CCS. Lime per Liter 

Apparent 

Purity 

Reaction * 

o 

9S 

o 

o' 

fS* 

Purity 

Increase 

Reaction * 

O 

cd 

O 

o 

p? 

Purity 

Increase 

p) 

o 

• l»4 
•4-* 

O 

Cd 

0) 

O 

cd 

O 

O 

P? 

1 

91.23 

.014 acid 

.013 

.099 

1.90 

.006 alk. 

.017 

.010 

2.58 

.012 alk. 

.038 

.011 

2 

92.38 

.010 

.013 

.092 

2.83 

.006 “ 

.019 

.013 

3.12 

.012 

.035 

.010 

3 

91.37 

.010 

.013 

.102 

1.45 

.006 

.018 

.010 

2.66 

.012 

,033 

.007 

4 

92.11 

.010 


.038 

.89 

.014 


.007 

2.56 

.018 


.007 

5 

90.9 

.010 

.014 

.016 

1.1 

.014 



1.1 

.018 

.105 

.010 

0 

86.8 

.008 “ 

.017 

.011 

-0.4 

.024 

.077 

.011 

-0.1 

.028 

.116 

.010 


* Referred to litmus. 


Samples Nos. 1, 2, and 3 are, respectively: Lahaina, H 109, and D 1135 
cane from the Experiment Station plots in Honolulu. The P-aGg content is high 
and does not differ rriaterially in the different varieties. They gave well settled 
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juices and satisfactory increases in purity on clarification. Samples No. 4 was 
Lahaina juice from Field 25, Oahu Sugar Co. This sample, containing .038% 
P20„ gave well settled clarified juices and a good increase in purity. Samples 

5 and 6 are H 109 juices from Experiment 0, Field 45, Oahu Sugar Co. No. 

6 is from the check plots receiving no phosphate fertilization, while No. 5 is 
from the “C” plots, to which 90 pounds P./), in the fonn of supeqdiosphate, 
were used per acre. Sample No. 5, with .011% P^Os, gave extremely poor re- 
sults on clarification. A decrease in purity resulted and the settled juices were 
very turbid. Sample No. 6, with .016% P/.).„ gave slightly better results. A 
1.1 increase in purity was secured; the settling, however, was but little better 
than in No. 5. 

Tile large increase in alkalinity to litmus caused by a comparatively small 
amount of lime in low phosphate juices is evident in this tabulation. The clari- 
fied juices of samples Nos. 5 and 6 were also high in lime salts. 

In connection with the phosphate content shown in Table VIII, we would 
note that the Experiment Station plots are high in available It is prob- 

able that the juices previously examined from these plots bad a Pa^),-, content 
similar to samples 1, 2, and 3. Field 45 is low in available PmO,., and responds 
to phosphate fertilization. Such fertilization evidently improved the juice from 
the C plots, but did not raise the PjOj. content sufficiently to class it with juices 
giving satisfactory clarification. 

In this investigation all juices, with but one or two exceptions, that have 
given clear settled juices have given increases in purity of 2.5 or more when 
at all complete clarification series have been run. On the contrary, juices that 
have not given clear .settled solutions have in no case given large increases in 
purity. All of the latter class have been low in I\.(9.-, content. 

The action of the phosphoric acid in clearing up the juice appears to be 
mechanical, the heavy j)rccipitatc of calcium ])hosphate carrying down the co- 
agulated colloids. Though definite conclusions as to settling under factory con- 
ditions can hanlly be drawn from laboratory experiments. According to all 
present information we are inclined to place the dividing line between the two 
clas.ses of juice at from .030 to .035 jjarts of P-F)., per 100 parts of juice. 

There is little available information as to the phosphate content of Ha- 
waiian juices. Judging from observation of the clarification at the different 
factories, however, it seems probable that a very large proportion are of the 
class that clarify well. 

Pkactical Considerations. 

With juices of the class that clarify well a decided improvement in the in- 
crease in purity is secured by carrying the clarification at a more alkaline point 
than is the common practice. Clarification practice in Hawaiian factories varies 
to a considerable extent. There are still a few factories where the clarified 
juice is acid to litmus. In a few, very alkaline clarification has been adopted. 
In most of the factories, however, the clarification is at close to the neutral 
point to litmus, and a decided prejudice exists against passing this point to 
any extent. 


OBecord, Vol. 26, No. 1. 
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In juices of the first class the maximum increase in both apparent and 
gravity purity has been obtained at the neutral point to phenolphthalein, the 
increase in apparent purity at this point being anywhere from two to four times 
the increase at the neutral point to litmus. Difficulties in settling need not be 
anticipated even when going as far as phenolphthalein neutrality, except in cases 
where settling and filter press capacity are very limited. While the volume of 
the settlings increased apparently more than in proportion to the increased 
amount of impurities precipitated at the higher alkalinities, in none of the juices 
investigated have increased amounts of lime caused the settled juices to be less 
clear, till the neutral point to phenolphthalein has been passed. After this i)oint 
the settling was in a few cases unsatisfactory. Lime salts were usually three 
times the original amount at the neutral point to phenolphthalein. The effect 
of this on incrustation of heating surfaces cannot be predicted from present 
information. Glucose was attacked by lime to some extent before reaching the 
neutral i)oint to phenolphthalein. Whether or not this was to an extent that 
would cause difficulties with the low grades also cannot be predicted from labo- 
ratory results. Whether or not, then, it is practicable to carry the liming to a 
point where the clarified juices are neutral to phenolphthalein and so secure 
the whole of the possible increase in purity can only be determined by carefully 
controlled factory practice. 

It will be noted, however, that at a point midway between litmus and phe- 
nolphthalein neutrality, corresponding to about .008 litmus alkalinity, a very 
large part of the possible increase in gravity purity was secured. At this point 
lime salts have increased but slightly and glucose has not been attacked to any 
material extent. While it may not be practicable to carry the clarification at 
the neutral iK)int to phenolphthalein, carrying it at this point appears feasible. 
Both analytical data and results secured in factories now using an alkaline clari- 
fication indicate that complications are improbable in carrying the clarification 
at this point. 

Unfortunately this point is sufficiently alkaline to litmus so that the color 
change of litmus paper loses much of its value for definitely locating it. The 
point is acid to phenolphthalein, so this indicator does not show any color re- 
action and cannot be used directly. It can, however, be definitely located by 
titrating the clarified juice. At very close to this point the clarified juice usually 
shows the change from a reddish yellow to a clear light yellow color that is some- 
tinxes termed “over-liming.” This change usually occurred just before this 
point was reached. We have also found that if the cold juice is limed till neu- 
tral to phenolphthalein, after heating the clarified juice will be at close to the 
desired reaction. 

The point we have been discussing is in quite close agreement with the point 
referred to several times, though not directly recommended, by Deerr in the 
revised edition of Cane Sugar. This is “an acidity of 0.5 cc. normal per 100 
cc. referred to phenolphthalein as an indicator.” It is not at all in agreement 
with the suggestion of Prinzen Geerligs, that lime be added till no further pre- 
cipitate is formed on adding calcium sucrate to the clarified juice. We have 
found that calcium sucrate forms a precipitate in hot clarified juice till a mod- 
erate alkalinity to phenolphthalein is reached. A reaction as alkaline as this is 
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undesirable, for at such a point we have usually found decreases from the maxi- 
mum purity, and difficulties due to the use of an excessive amount of lime may 
be anticipated. 

The above recommendations are for juices of the class that clarify satis- 
factorily. Present information does not permit us to specify as closely the 
point to which liming should Jje carried in juices of the class that do not clarify 
satisfactorily. They should be alkaline to litmus to avoid inversion. There are 
indications, however, that adding lime till the clarified juice is neutral to phe- 
nolphthalein, or even midway between litmius and phenolphthalein neutrality, is 
undesirable. Poor settling in the.se juices can be corrected and clear settled juice 
secured by adding a soluble phosphate in such proportion that the PaOr, content 
is brought up to from .03 to .03.S'/.. When this is done lime .should be added 
till the clarified juices have an alkalinity to litmus of approximately .008, so 
that the maximum precipitation of PaO., takes place. If the clarification is prop- 
eraly conducted all the P.aC)^ that has been added is recovered in the press cake 
in the form of a finely divided precipitate, fairly available as plant food. As 
the fertilizer value of the pho.sphate u.sed is thus realized, a deduction of this 
value may be made in estimating the cost of securing clear, well settled juice 
when working juices of the class that do not clarify satisfactorily. 

This investigation of clarification is being continued and no doubt further 
information on the questions already taken up will be obtained. 
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Sugar Prices 

96° Centrifugals for the Period 
December 16, 1921, to March 15, 1922. 


Date Per Pound Per Ton Remarks 

Dec. 16, 1921 .... 3.765 ^ $75.30 Old and new Cubus. ^ 

20 3.735 74.70 Delayed sale, old crop Cabas. 

21 3.73 74.60 Made up, Philippines 3.60, old crop Cubaa 3.86. 

22 3.86 77.20 Old Cubas. 

<» 23 3.6367 72.734 Spot Cubas 3.86, for new shipment 3.51 and 3.54. 

<< 24 3.86 77.20 Spot old Cubas. 

27 3.64 72.80 Spot Cubas Committee 3.86, Nearby now 3.42, 

<< 28 3.61 72.20 Old spot 3.86, new 3.36. 

** 29 3.73 74.60 Spot Cubas. 

Jan. 3, 1922.... 3.61 72.20 Spot Cubas. 

** 4 3,61 72.20 Spot old Cubas. 

** 6 3.545 70.90 Non-controlled 3.48, Committee 3.61. 

<< 7 3.61 72.20 Committee old Cubas. 

*• 9 3.575 71.50 Average, Committee old Cubas 3.61, old crop ,3.54. 

** 10 3.575 71.50 Average, Committee old Cubas 3.61, old crop 3.54. 

** 11 3.575 71.50 Uncontrolled old Cubas 3.54, Committee 3.61. 

** 12 3.6J 72.20 Committee old Cubas. 

<< 13 3.575 71.50 Average, Porto Ricos 3.54, Committee old Cubas 3.61. 

** 14 3.61 72.20 Committee old Cubas. 

** 16 3,575 71.50 Uncontrolled old Cubas 3.61, Philippines 3.54. 

17 3.61 72.20 Old Cubas. 

** 19 3.6917 73.834 Committee old Cubas 3.61, old Cubas 3,73, Philip- 

pines 3.735. 

20 3.7625 75.25 Philippines 3.735, old Cubas 3.79. 

21 3.86 77.20 Old Cubas. 

25 3.81 76.20 Porto Ricos 3.76 and 3.86. 

** 26 3.76 75.20 Porto Ricos. 

27 3.70 74.00 Average 3.73, old Cubas 3.67. 

31 3.73 74.60 Old Cubas. 

Feb. 1 3.61 72.20 Porto Ricos. 

2 3.64 72.80 Old new Cubas 3.67, Porto Ricos 3.61. 

'' 3 3.67 73.40 Old Cubas. 

9 3.575 71.50 Old Cubas 3.61, Porto Ricos .3.54. 

iO 3.605 72.10 Cubas 3.67, Porto Ricos 3.54. 

15 3.605 72.10 Old Cubas 3.67, Porto Ricos 3.54. 

16 3.635 72.70 New Cubas 3.73, Porto Ricos 3.54. 

** 17 3.79 75.80 Old Cubas 3.79, new Cubas 3.79. 

18 3.86 77.20 New Cubas. 

20 3.86 77.20 Old and new Cubas. 

** 24 3.70 74.00 Old and new Cubas. 

27 3.635 72.70 New Cubas 3.73, Porto Ricos 3.54. 

Mar. 1 3.70 74.00 New Cubas 3.79, Porto Ricos 3.61. 

2 3.69 73.80 New Cubas 3.79, Porto Ricos 3.61 and 3.67. 

3 3.67 73.40 New Cubas 3,73, Porto Ricos 3.61. 

4. 3.73 74.60 Old Cubas. 

“ 6 3.79 75.80 New Cubas. 

8 3.7833 75.666 New Cubas 3.79 and 3.86, Porto Ricos 3.70. 

9 3.81 76.20 New Cubas 3.86, Philippines 3.76. 

<< 10 3.89 77.80 New Cubas 3,89 and 3.92, Porto Ricos 3.86. 

<< 11 3.86 77,20 Philippines. 

13 3.92 78.40 Old Cubas. 

** 11 3.89 77.80 New Cubas 3.86, old and new Cubas 3.92. 
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The Growth of the 
Sugar Cane Plant 


Sugar plantri's ha\c always recognized cliniale as a 
deliniie asset and have known that ilie dilTerenl seasons 


of the year vary widely in their effects u])on cane growth. 
Recently atteinjUs have l)een made to ])lace mathematical ratings on the dif- 
ferent months, in order to show their relatixe \ allies from a cane or sugar pro- 
duction stand])()int. 

'fables were compiled two \ears ago hv |. A. \ erret and W’. If Alexander, 
l)ased on cane growth measurements coxering sexeral \ears at lAva Plantation. 
Parallel columns showed the elongation of the stalk in inches as measuretl each 
month, and alongside of this a percentage tigure denoted what ])art of the total 
L'rop this stalk grow th represente<l. h'or instance, in shoi\ ratoon cane of four- 
teen months growth, we find these \ allies: 


T^art of’ plop r(‘pi'0" 
Jji(*roaso«l lon^aij of .s»o)t(*(l in I'.'irb 
woll JovoIojmmI stalk nioiitli ’s raiK* iiKnis- 
in iiK'lics aronnoits 


Man'll 8.0 

A] nil 9.0 0.1 

May 11.0 7.8 

Juilc 13.9 9.0 

July 13.8 9.4 

August 17.0 11.0 

SojitomluM* 1.1.8 10.7 

OctoluM' 1.1.9 10.8 

No vein her 13..1 9.‘J 

l>('(‘oml)er 8.;» .1.7 

January 0.0 1.1 

Fehruarv 4.0 .31 

March 4.;1 3.1 

Ajnil 4.0 3.1 


At the suggestion of Mr. Alexander, w^e are now considering additional 
tables wdiich will take due account of how" and wdien the weather of a given 
month is registered in stalk grow'th. The part of the cane stalk that is in 
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process of elongation is the immature portion that is encased in the growing 
top. Such growth as is caused by the weather of June, for instance, is not 
exhibited as fully formed cane stalk until several weeks later. We are inclined 
to believe that th^^ maximum growth measured in August was actually caused 
in June, or thereabouts. The high point in cane growth under Oahu conditions 
would then coincide more nearly with the season of greatest daylight instead 
of the period of highest mean temperatures. The lowest rate of growth would 
be expected in December. Cane planters are frequently impressed by the fine 
appearance of cane in September, when new, long joints appear. This growth 
took place, probably, in July and becomes visible two months later when the 
tightly encased leaf-sheaths loosen and fall apart. In September the growth is 
checked somewhat abruptly, as a result of which, tassels are formed at the 
growing tip. These tassels make their appearance fully developed in Noveml)cr. 

In studying this question a great amount of help can be had from a paper 
by C. A. Barber, for he throws much light on the subject by recording the ob- 
servations of others who give us new and definite information on the process 
of cane growth. The dissection of cane tops in connection with the informa- 
tion presented by Mr. Barber serves to confirm the observations that have led 
Mr. Alexander to suggest the construction of additional tables that will show 
for each month the cane growth brought about by the climatic environment 
(temperature and daylight hours) of that particular period. We read from 
Mr. Barber's paper:* 

One of the greatest difficulties in measuring growing canes is due to the fact that 
the portion in actual elongation is ])ermanently enswathod in a mass of leaves which 
cannot be removed without disturbing the growdh. Observation of the ends of the.se 
leaves cannot be used in measureiuent because of the constant variation in length of 
successive leaves during the growing period. It becomes necessary to find some definite 
external point on the shoot which bears a constant relation to the growing point of the 
stem within. Kamerling set himself to find such a point. His object was to study the 
rate of growth in different fields and varieties and to replace the general terms in use, 
such as rapid/ ^ ‘‘slow,’^ ‘‘moderately slow,’^ and so on, by exact measurements, at 
the same time jmintiiig out the imiK)rtance of such work for the factory. By det(*rmining 
the rate of growth under certain well defined conditions, he claimed that we should be 
in a position not only to decide the fitness of a variety for its locality, but also to fix 
on general measures whereby unsatisfactory growth might be remedied. He first of all 
found that there is a sequence of growth in length in the lamina, leaf sheath and stem 
of a very definite character. The lamina first grows in length, rapidly unfolds itsidf 
and ceases from any further increase; as soon as this is completed, the energy of growth 
is transferred to the sheath. It quickly elongates and pushes the lamina into the air 
and light, and in its turn ceases from further growth in length. Lastly, when the leaf 
sheath has finished growing, the stem interiiodes, hitherto merely a series of flat, super- 
jiosed discs, suddenly elongate by the expansion of their cells and cease to grow in length 
after a very short time. The sheaths thus complete their growth in length before the 
internodes commence to elongate, and their further apparent growth is due to the in- 
crease in length of the internodes to which they nre attached. In the young shoot each 
leaf sheath is entirely covered by the one outside it, while it is yet undeveloped, but the 
moment when it emerges from this protection Kamerling shows to coincide with its ces- 
sation of growth. The tops of two successive sheaihs are now close together, and any 

^ Memoirs of the Department of Agriculture in India, Botanical Series, Vol. X, page 156. 
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Highest 

Transverse 

Mark 


further separation is duo to extension of the stem which at this period commences to 
elongate. The top of the leaf sheatli is the jdaee where it joins the lamina, and Kamer- 
liiig selected this point, which he calls the “ Idad-gcwricht ^ ' (leaf joint), as the one by 
the observation of which he could indirectly ol)S(‘rv^e the growth in length of young joints 

of the stem apex (see Figure). 
This demonstration of Kamerling^s 
has been found to be jiistitied, 
nn the assumption that all of 
the matin' f leaf sheaths are of 
( final lenfilh. He measured a series 
ot leaf sheaths in ditferent canes 
and soon found that, while the dif- 
fertuices in their length in fully 
grown parts of tlie cane plant w’ere 
\ery small, both at th(‘ beginning 
and (Old of thi‘ ^egetati\e season 
1h(‘ l(‘af sh(‘aths were of different 
si/(*s. Th(‘ first slieaths are very 
small, these successively increase in 
h'ligth untd they reach a fairly uni- 
form maxi mini, and this is main- 
luMU'd dm mg active growth. To- 
wn nis the end of the season, hoiv- 
e\(‘r, the sheaths again diminish in 
hmgth. H(‘ made a distinction be- 
tw(‘(‘u tlH‘ actual grow’th of the 
young internodes and their ‘^ap- 
parent” growth, as judged by the 
oby<M\ation of tin leaf joint, and 
^how(‘d that, while the difference 
between the Jictual and apparent 
growth IS small during tl»e ])eriod 
(►f tull growth of the cane jihint, it 
i-N laige at the beginning and end 
of the season. Kamerling then 
tried a method of measuring the 
giow’th of the stem directly, by removing the leafy mass around the actixely elongating 
portion, marking it and covering it with tin foil, ;nid measuring it again after twa^iity- 
four liours. The results agreed xvith those alremly obtained, showed that the region of 
elongation vxas confined to few' joints, and that, in tliese tlie toj) of each joint ceased 
grow'’ng first and the lower part continued elongating after tlu* njiper had ceased to 
alter, that is, that tlie region of most active growth in length in each joint was basi- 
jietal. But sueh harsh treatment of tlie young growdng ])arts soon introduced irregnlari- 
ti(*s in (b'velojnnent, and Kamerling ’s main results dejieiided on the indirect method men- 
tioned above. 



Leaf 

Lamina 


Transverse 
Mark ( Leaf Joint) 

Leaf Sheath 


To Kiiijp(‘r Ixdongs the credit of overcoming onc(' and for all thesi' difhcnlties. 
After trying various methods, he hit iijum the ingenious plan of piercing the wdiole grow- 
ing shoot W'ith a darning needle (finer instruments encountered too mindi resistance), 
starting wdtli a full-grow'ii leaf slii‘ath on the outside, which sliow'ed no furtlu'r movement, 
and wonking npw'ards. A seiies of holes xvere thus made through tlie wdiole mass of 
grown'ng parts, and, as growth took place, these holes w'ere jmshed up in various degrees 
in the different organs inside. Aftei a period of six days the relative position of the 
holes was studied, and their change in position gave an accurate measure of the growth 
which had taken place in each organ. By multiplication of the initial holes at distances 
of about one centimetre up the outer leaf sheath, he w'us able to state definitely in what 
part of each organ growth was most rapid, as all that remained to be done w’as to dissect 
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out the mass after a stated interval, lay out the parts, and measure the vertical distances 
between the holes. While this method was found to disturb the grow'th in very young 
parts, it fully justified its use, and the general results obtained by Kamerling were sub- 
stantiated, but, by a series of acUmly In place of inferred, measurements. The basi-petal 
tendency of the zone of most active growth in each inteniode was confirmed, and it was 
found that the leaf sheath and lamina behaved in a similar manner. Kuijper’s work was, in 
the main, instituted for a study of certain diseases of the shoot, which appeared to depend 
on the relative growth of the young parts, and the previous work of Kamerling did not 
give the accurate figures required for this. lie fully endorsed the selection of the upper 
most visible leaf joint for measurement in stem growth, safeguarding it, as was done by 
Kamerling, at the beginning and end of the season. Wo are indebted to him for the first 
clear demonstration of wdiat goes on inside the growing portion of the cane shoot. 
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Yield of Sugar in the Territory of Hawaii for 
Crop of 1921. 



Acres 

Tims Sugar 
Harvested 

JJ)s. Sugar 
p(‘r Acre 

Tons Sugar 
per Acre 

Total vield 

119,854.77 

5(54,5(i2.25()5 

9,420 

4.710 

Irrigated plantations .... 

0:1, (585.01 

.‘loO, 199.2:1(50 

10,998 

5.499 

Unirrigated plantations. . 

5(5,168.7(3 

2i4,:«):i.oi45 

7, (5*12 

3.810 

Hawaii 

54,;5():5.7(5 

20«,522.«470 

7,(580 

:3.840 

Oahu 

2:3,142.(J8 

i;!0,S>72.;{780 

11, .118 

5.(559 

Kauai 

2 : 3 , 120 . 9:3 

10S,0;{7.585l) 

9,:316 

4.67:5 

Maui 

19,288.00 

117,029.4405 

12 , 1:34 

6.067 


Mites and Other Organisms in Their Possible Relation to 
Sugar Cane Root-rot in Hawaii. 


r>y E, rK.M!’.Kim)N. 

Durrng recent root in\ estimations in diseased cane at drove I'arm and Ilono- 
kaa plantations. Dr. L. ( ). Ktinkel observed extensive injury to live roots of a type 
wbicli appeared to be entirely apart from funm'ns infection. Roots were badly per- 
forated with boles vvbicb he suspected were made by something in the nature of a 
worm. The ludes were so numerou.s and the injured roots so generally distributed 
in the disea.sed areas that he concluded that the “worm injury” could alone readily 
account tor and be the ‘primary cause” of Kool-rot in these fields. Dr. Kunkers 
remarks,'’* in part, respectinm this injury, were as follows: 

Tlu» (lend and dyinjr mots of the ratoon ('ane are infertod with sovi'ral different 
undeterinined fungi. Tluo-e can be no doubt but that these organisms are capable of 
causing Tioot-rot aft(*r tliey have once entered the tissues. Whether or not they are 
able lO attack sound roots is not known. They seem to enter tiie roots through what 
a])j)ear to be small irarm halrs. Worms were not actually found in the roots. The injury 
is similar to that wliich lias been observed at Honokaa, ami which is suspected of bring- 
ing about Root-rot troubles there. In some of your ratoon fields, for (*xaniple Field 1.1, 
jiractically every root is more or less worm eaten. Through th(‘ wounds made by the 
worms, variou.s parasites (fungi) enter and destroy the tissues. Tt is our ojiinion that the 
worm-injury is the jirimary cause of Boot-rot in these fields. For some reason the w^orins 
do very little damage to the roots of jdant cane. 

With the object of locating: if possible the in.scct, worm, or other organism, 
which might be making the many holes in the roots which Dr. Kunkel recorded, 
a careful examination was made among roots in poorly-growing* ratoon cane at 
Kukuihaele and in plant and ratoon cane at Honokaa. Such root conditions as 

* Letter to E. H. W. Broadbent, Manager Grove Farm Plantation, Lihue, Kauai, 

dated April 5, 1922. 
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Dr. Kunkel described were immediately found. Holes of varying shape and size 
were exceedingly abundant both in tender, growing roots, all the way from the 
tip to the base ; scattered through most of the dead roots ; and particularly com- 
mon in the small roots' just starting. Frequently entire ends of a young vigorous 
root were completely hollowed out. The root-injury can be found both in young 
and mature plant cane, and in ratoons. The holes in the roots vary generally from 
one-half to one millimeter (l/50th to l/25th in.) in diameter, are more or less 
circular, may be shallow or penetrate to the central cylinder of the root or some- 
times go clear through. They frequently occur at the very growing tip. Similar 
root-injury was commonly found in Lahaina and H 100 cane on Honolulu Plan- 
tation at Puuloa and in the same varieties at Ewa Plantation. Such injury can 
seriously handicap the growth of the cane, when the majority of the roots arc 
ininctured, as is frequently the case. 

At Honokaa, a minute brownish 
mite was several times actually found 
in the freshly-made holes in tender, 
growing roots, and further search re- 
vealed it present wherever the tyj)ical 
root-injury occurred. Owing to its 
minute size and brownish color, it was 
at first easily overlooked. One cane 
eye just beneath the surface of the 
ground was found under which a 
number of these mites were clus- 
tered. Considerable of the rind-tissue, 
where they were gathered, had been 
eaten. It did not api)ear to be bud- 
moth work and distinctly not wire- 
worm injury. Similar mites were also 
found present among the roots of the 
injured cane at Puuloa and at l^wa. 

It is yet too early to state defi- 
nitely the part played by mites and 

A spofios of mite (Rhhoglyphm rhizopha- organisms in the forma- 

fjUns), highly magnified, whieh is related to one tioil of these root-holes. The injury 

found in Hawaiian soils. (Reproduced from has most likely been going oil for a 

-A Treatise on the Aeurina, or Mites,” by clean-CUt holes ami 

Nathan Banks of the Smithsonian Institution.) i • . . • . 

gashes in the roots are of such a tlen- 

nite character and so similar in all cane examined, that it is jjrobable that 

only one type of organism is particularly responsible for most of the damage. 

Several minor factors may also contribute to the injury, however, for newly 

budding roots at or very close to the surface are .sometimes found with holes and 

cuts in them that are larger than the characteristic perforations in an average 

root. The fauna of our cane soils, though very incon.spicuous in general, is 

fairly rich. Among the possible cane-root feeders may be mentioned the numerous 

nematodes, whose relations to the cane are mostly unknown; Acari, or mites, in 
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abundance ; ants of several species, present in enormous numbers and penetrating 
wherever canc-roots will go; and active Crustaceans, living mostly on organic 
matter. A minute snail has also fallen under suspicion. One mite, as discussed 
above, has already been seen at work. Jts real importance has yet to be de- 
termined. Muir and (>. II. Swezey have just found that one of the Crusta- 
ceans, a common sow-bug or wood-louse, will eat holes in cane-roots when j)laced 
with them in confinement, and two of the known nematodes liave long been re- 
corded as cane-root feeders, though they do not cause such hole., in the cane-roots 
as discussed herein. It is (juite possible that ants may bite into tender cane-roots 
when encountered during their intricate ramifications in the soil, in, under and 
about the cane-stools. It would be wholly within their general habits though their 
actual dependence on roots for food is not likely. 

The mites conspicuously ])rescnt among the injured roots will need careful 
study. Their general distribution in cane from the to]) to the bottom of the stools, 
everywhere accompanying the injury, throws much suspicion u]^on them. Certain 
mites have had a black history. Many are known to be destructive to plants and 
the food of animals and man and some are particularly injurious to the roots of 
])lants. riie family Tyroj^^lyphidae contains species of economic iiiiportance. They 
particularly attack stored foods and the bulbs and roots of i)lants. Most of them 
feed u]jon vegetable matter. Nathan Tanks, the foremost American authority on 
the Acarina, or mites, states that the Tyroglyphidac feed upon ‘'cheese, flour, 
hams, dried meats, hair in furniture, cereals, many drugs, dried fruits, seeds of all 
kinds, bulbs, feathers, hay and entomological specimens.” lie states that in 
hTirope one species lives in mushrooms and spreads disease that causes the decay 
of the i)ileus (the upper part). An American species of the same family is also 
said to be highly destructive to growing mushrooms. The bulb mite Khi:;o()lyphiis 
hyacinthi is recognized as an important bull)-pest and is .said by Tanks to be 
‘‘resi)onsil)lc for an enormous amount of damage,'' and that “in Europe it has 
lately been ]M-oved that thi., or an allied species, does great damage to the roots 
of grape-vines.” lie further stales that it can be controlled by the use of carbon- 
bisulphide injected into the soil above the infe.sled roots. Other species of the 
same genus are injurious to the stems of carnations and the roots of asparagus. 

The recognition of this extensive root-injury thus opens a new field for 
biologic investigation in the Hawaiian cane fields and promises to be an important 
one. The determination of the causes and the ai)plication of successful control 
methods to j)revent such damage, may solve many so-called soil problems and 
ex])lain the p(X)r condition of much cane which often fails to respond to elaborate 
processes of cultivation and fertilization. 
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Fig Trees for Hawaiian Forests. 


By li. L. Lyon 
(Concluded from pa^i^c 87.) 

Tiir. Bany.\n 

Among the fig trees already present in Hawaii, the banyan, Ficus Bcuyalcn- 
sis, is easily the most striking novelty. It is a rapidly growing tree which quickly 
attains large dimensions. In its native haunts in India, single banyan trees arc 
said to occu})y more space than any other known tree. A specimen with a crown 
over 2,000 feet in circumference has been recorded and trees with crowns 300 to 
500 feet in diameter are not uncommon. From a central trunk which attains 
large size, the banyan throws out massive horizontal branches which .send down 
to the ground at intervals aerial roots which eventually become secondary trunks. 
In this manner the tree virtually walks over the landsca])e producing an enormous 
dome of dense foliage supported on numerous colunm-like trunks. 

The banyan is a natural component of the forests throughout India, e.x- 
tending down to sea level in the south and up to 4,000 feet elevation in the 
north. It can endure prolonged droughts and survive severe frosts, but under 
the first named condition it usually dro])s most of its leaves, and uinlcr the 
last named, it may lose all of them. The tree is notoriously hardy, submitting 
indefinitely to the most severe mutilation. It is highly esteemed in all jxirts of 
India and is extensively planted for shade in villages and along road-idcs. The 
leaves and young brandies constitute a choice fodder for eleiihants and are much 
used for this purjiose. the felling of a Iianyan being jirohibited by law within 
a certain radius about the recognized camjiing grounds of elejihant trains, in 
order to insure an adecpiate supply of fodder for the beasts. 

The leaves of the banyan are large, ovate, or elliptic and rather thick and 
coarse. The fniits are puliesccnt, 1/2 to 3/4 inch in diameter and bright 
.scarlet when ripe. In India the.se fruits are freely eaten by birds, bats and 
monkeys, and on occasion by human beings. 

We have located sixty-seven fruiting specimens of the banyan in Honolulu 
and doubtless a careful search would reveal many more. All visitors to our 
city are much imjiressed by the splendid banyans in the grounds of the executive 
and judiciary buildings and all kamaainas arc familiar with the magnificent 
specimen in the public square at Lahaina. 

The foliage of the local trees is often covered with a black sooty-mold that 
grows on the excretion of a mealy bug which feeds on the leaves and young 
twigs. This .same mealy bug injures the foliage and fruit of the cultivated fig, 
Ficus carica, and is the most serious pest attacking the leaves of the avocado. 
It also infests other economic plants. The Board of Commis-sioners of Agricul- 
ture and Forestry has recently undertaken to find and introduce into Hawaii 
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parasites and predators which will prey upon this trouhlesome insect. During 
the past few months, H. 1'. Osborn, who is doing the field work on this project, 
has sent over from Mexico several mcaly-bug-dcstroying insects which promise 
to establish themselves here. It is to he expected, therefore, that within a few 
years the .sooty-mold will be far less ])revalent on our banyans than it is at the 
])resent time, due to the reduction of the mealy bug by its natuial enemies. 



7. liciKjdli nsis. The aorial hm)! system of on • of Iho hniiynns in tli(‘ ij^rouinls 

of tin* Fxc<‘uti\t IniiMinjj in llonolnln. 

The banyan mi^ht easily be used to \ery .li^ood advantage in llie ])n)tection 
of our old forest> and in the creation of new forests ( n oiir watersheds. It should 
l)e ol particular value as a coinjxuient of the lower liarrier forests. It i)roduces 
all by itself an excellent cover which can succeNsfully withstand heavy winds, 
floods and drou^^hts as occasions demand. ( )n steej) slo])es it would jirov c an 
effective soil hinder, ])reventin^ land slides aud ^ulchini^. I he introduction of 
the was]) })eculiar to Ficus Bctu/olcusis has not been apiiroved liy ihe Hoard of 
(Commissioners of Agriculture and Forestry . 

The Chinese Banyan 

The fig tree, Ficus rctuso, which is locally known as the Chinese banyan, is 
a natural component of the vast forests of the sub-Himalayan tract in northern 
Jndia and Burma, but it also extends through southern China, Siam, the Malay 
])eninsula, and onto many of the islands of the Malay archipelago. J he tree 
was undoubtedly introduced into Hawaii from C liina and consecjuently it became 
known as the Chinese banyan. 


isb 



Ficus retusa. A fine specimen of the i'hine'Sie banyan j;ro\A5rig in tlio arboretum which surroiimls the manager’s house at Kiikuihaele. 
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This tree is quite often planted in India for shade and ornament but it is 
not as popular for these purposes as arc the true banyati. Ficus Bcngalcnsis, and 
the Peepul tree, Ficus rclujiosa. In Java, however. Ficus retusa is a favorite 
tree for planting along roadsides and in jiuhlic jdaces where space is available. 
The Javanese often train and trim the crowns of trees of this and similar sjrecies 
into fanta.stic sliapes. In the ancient town of Djogjakarta may be seen ‘“VVar- 
ingin” trees with crowns a])proximating in shajrc many of the well known 
geometrical figures, such as cubes, prisms, etc. Ficus retusa was one of the very 
first large growing trees to make its appearance on the island of Krakatau after 
(he titanic volcanic eruption of 1H83 had destroyed all of the vegetation on that 
island. Seeds of this tree were undoubtedly carried to the island by birds and 
tire .sjrecies is now representefl in the new flora by several trees of large dimen- 
sions. 



9. Ficus rctimi. An pxani|)lc of tlie iion-banyani/ing typo. This iiiiikps an oxcollent 
shadi* troo for lawns ainl parks. The specimen liere illustrated stands in Thomas Square. 

The Chinese banyan, like the true banyan, i.s inclined to grow in the hori- 
zontal direction to a greater extent than it does in the vertical direction, but 
its crown often mounts to nearly or quite a hundred feet in height. If left to 
itself and given i)lenty of room it branches only a few feet above the ground 
and produces a compact crown of very pleasing sliajK. In habit it closely simu- 
lates the true banyan but is easily distinguished from the latter by its more numer- 
ous and much smaller leaves which have blades only two to four inches long* as 
compared to the four to eight inch blades of the banyan leaves. Then the fruits 
of Ficus retusa are small, not exceeding 1/3 inch in diameter, while those of htciis 
Bc7tgalcnsis are 1/2 to 3/4 inch in diameter. I'here are several varieties of the 
Chinese banyan, some being given to the production of dro])-roots to a much 
greater extent than others. There are varieties like the one in Thomas Scjuarc 
which never produce any drop-roots at all. 
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Fig. 10. Ficus Benjamina comosa. A vory i>ietiiresqu<? specimen of tho weeping fig 
growing in Mrs. Foster garden. Tt is quite evident that the soil beneath such trees cannot 
bo removed to any extent by water erosion. 
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Ficus retiisa holds second jdace among tlic fig trees as an ornamental tree 
in Honolulu, its rej)resentatives being slightly exceeded in numbers by those of 
Ficus Bcn^alcnsis, It is a much cleaner tree than the latter under our condi- 
tions, however, for it is less severely attacked by tlie mealy bugs and consequently 
its foliage is not so commonly disfigured with sooty-mold. 1'here are many fine 
s]}ecimens of the Chinese banyan in Honolulu. Some of the most accessible 
ones are located in l^x-( Governor Carter’s grounds on Judd and Liliha streets, 
in Mrs. Foster’s yard on Nuuanu l)etween Vineyard and School streets, in the 
grounds of the Lunalilo Home, am! in Thomas Square. The trees in the latter 
situation are of the ty])e that do not banvanize or produce drop-roots. ( )ne of 
these trees is illustrated in logure 

are confident that 1^'icus rctiisa would prove a most useful tree in our 
fc reslrv work. It will survive any mutilation short of al)solute elimination. It 
is partial to moist situations and consequently should thrive in our rain forests. 

( T the man\ fig trees to he found in northern India it is said to be by far the 
ir.o^t frost resistant and <o we max reascmably expect that it can maintain itself 
up to an elexation of ('>,(X!() feet or more, or as high as xve shall xvish to extend 
our forests. 

Sexeral attempts have l)een made to introduce into llaxvaii the xvasj) peculiar 
to locus' rrfusa l)Ut although insects in one or two con^ignmcnts arrixed \u a 
living cMidition, they have failed to establish their race in local trees. There 
ire man\ fruiting specimens of the Cliinese hanxan on the island of Hotig Kong 
and the introduction of the xvasp from that ])oint should he accomt)lished xxithoi^t 
diriicuh V 


'riFK W'kkpixo I'm; 

There is a handsome fig tree (|uile similar to, yet (juite distinct from, the 
C'hinese hanxan which has almost exactly the same gcograi>hical range as the 
latter. 'Fo this tree the name Ficus Fctiiaiuina has been assigned. It so closely 
resembles some forms of Jucus rctusa that it is (juile generally confused xvith 
these and ccaisidered as belonging to the same si)ecies. In Java it shares xvith 
Ficus vi tusa the name W'aringin and affords many subjects xvhich are carved 
into geometrical fonns as already described under the Chinese banyan. 

lucus Bcnjaiuiuu may be distinguished from Ficus rciusa by its slightly 
longer and more i)ointed leaves which are ])laced at greater intervals on the 
twigs Its branches are more slender and their gracefully drooi)ing habit has 
earned for the tree the name W'eejfing Mg. Like some varieties of the Chinese 
banyan, the Wee])ing Fig rarely if ever ])roduces drop-roots, its crown being sup- 
ported by a single trunk. There are two recognized varieties of the Weeping 
Fig which differ from each other only in the size of the fruit xvhich they produce. 
The type of the species bears fruit only 1/3 inch in diameter while the variety 
coviosa bears fruit 3/4 inch in diameter. 
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So far as we have been able to ascertain there are no specimens of Ficus 
Benjamina proper in ITonolulu but there are four or five specimens of the variety 
comosa, Tv^o of these are growing in Mrs. Foster’s garden on Nuuanu, one 
in Mr. Albert Horner’s yard on upper Nuuanu anc’ one in the Spreckels tract in 
I^inahou. * 

Ficus Benjamina var. comosa is a very fine forest tree and a choice orna- 
mental. It could certainly be used to good advantage in the reforestation of our 
watersheds and should prove especially valuable in the middle and lower zones 
of our forests. The introduction of the wasp attached to the Weeping Fig has 
been ai)provcd by the Board of Compiissioners of Agriculture and Forestry and 
it is liopcd that a serious attempt may be made soon to establish it in our trees. 

The Indi XKunuEk Tree 

The well known Tndiarubber tree of horticulture, Ficus riastica, was at one 
lime held to be a ruld)er-producer of great promise. It is l)y far the most im- 
portant of the indigenous rubber trees of India and in the early days of the 
rubber industry was planted on a large scale both in India and Java. When the 
Para rubber tree, Ilcvea BrasUicnsis, was introduced into the orient, however, 
it quickly demonstrated its su])eriority over Ficus clastica as a rul)ber producer 
and soon replaced the latter in all commercial plantings. 

The Indiarubber tree is one of the most stately species of the genus Ficus. 
It is a rapid grower and attains gigantic size. Its main branches tend to aj)- 
proach the vertical rather than the horizontal direction, giving it an attitude of 
loftiness that is pleasing to look at and agreeable to the plants of lesser stature 
which must be associated with it in the forest. 

There are many fine specimens of the Indiarubber tree to be found in Hono- 
lulu. Probably the largest tree now standing is in the grounds of the Queen 
Kmnia home on uj)per Nuuanu Avenue. Other trees of a goodly size may be 
seen in Washington Place, in Nuuanu Cemetery, and in the grounds of Lunalilo 
Home. The trunk of a huge tree at Koloa, Kauai, is the subject illustrated on the 
front cover of this number of the Fccord. The magnificent s])ecimen in frotV 
of the Hilo hotel is known and admired by all who have occasion to stop there. 
Fourteen Indiarubber trees are standing in the grounds about the manager’s house 
at Kukuihaele. The one shown in the photograph reproduced on the opposite 
])age measured 110 feet over all in 1920. It is about thirty-five years old. There 
is a robust tree of Ficus elastica growing at about 2,500 feet elevation alongside 
of Mud Lane above Kukuihaele. 

In its native land many wild specimens of the Indiarubber tree may be found 
which are over 200 feet tall and have a crown of 200 feet or more in diameter. 
The species is an inhabitant of the heavy forests and is most abundant in Assam 
and Upper Burma. It ascends to an altitude of 5,000 feet in the outer Hima- 
layas. 

Of the several species of Ficus which have already reached Hawaii from 
India, we are inclined to consider the Indiarubber tree the most desirable for 
forestry purposes. Attaining great height as it does it would give to our forest 
the vertical depth which is so essential and at the same time form a congenial 




Fig. 11. Ficus clast ica. This Indiarnbber tvoo in tho arboretum at Kukuihaele moaa- 
iircMl 130 foot over all in 1920. The tree to the left in the background is a banyan, Ficus 
Bengalcnsis, 
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associate for trees and shrubs of lesser stature. In this respect it ranks with 
the Moreton Bay fig and deserves equal attention. Unfortunately the wasp as- 
sociated with Ficus elastica cannot be obtained at any point this side of India 
and the time required to travel through the intervening space is a serious ob- 
stacle to its successful introduction into Hawaii.^ The desired result might be 
acccmjdished l)y transporting the fruits in a refrigerator, and the insects would 
surely come through on a small fruiting tree growing in a tub. 

The PKEpri- or Bo Trek. 

The l>odhidruina"‘ at Budh Ciaya under which Sramana Uautania meditated 
and, receiving enlighlcnmcnt, became Buddha, was named, some 2v300 years later, 
Ficus rcli^i^iosa by Linnaeus, d'rees of this species have ever been held most sacred 
by the lUiddhists, while the Hindus have stnmg religious scruples against in- 
juring them in any way. Seedlings have always l)een allowed to grow and flour- 
ish wherever they chanced to start, and so the tree is often found in ina])pro))ri- 
ate situations. 'Phis tree is ])robably best known by the Hindi name Bii>al or 
Peepul, l)ut in Ceylon it is more c<anmonly called the Bo tree. 



Fig. 12. Ficus rcligiosa. One of the PceiaiJ trees that may 1)(‘ seen in the Moanalna gardens. 

It is claimed that the Bo tree in the ruins of Anuradhajmra, near Kandy 
in Ceylon, is the oldest tree in the world. We are told that this tree has grown 
from a branch of the very tree tinder which Buddha sat, the branch having 
been planted during the year 288 B. C. As a matter of fact, it is but a young 
tree when its age is compared with that of some of the giant redwoods of Cali- 
fornia. 


Bodhidruma = Tree of lutcUigcncc. 
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Fictis rcligiosa is indigenous to the sub-Hinialayan tract of northern India, 
but it has been extensively planted in all parts of the Orient for over twenty 
centuries and now is to be found running wild throughout India, Burma, Siam 
and the Malay peninsula. It makes a good avenue tree and has been planted 
near temples, wells and other spots subject to adoration. It grows into a large 
tree of upright habit, is very resistant to drought and survives light frosts. It 
ascends to 5,000 feet elevation in the outer Himalayas. 

The peepul tree is easily recognized among figs by its very striking and 
peculiar leaves, which are large, heart-shaped and terminated by a slender acu- 
men or tail one to three inches long. The petioles of the leaves are long, slender 
and very flexible, so the leaves oscillate freely with the slightest breeze. Fruits 
of the peepul are about a half inch in diameter, and dark purple when ripe. 

Ficus rcligiosa is among the fig trees already approvefl for use in our for- 
estry work. There arc many fine trees growing in Honolulu, the largest speci- 
men being that in the grounds of St. Louis College. Three splendid trees are 
conspicuous in the Moanalua gardens and one old specimen occurs in Mrs. 
Foster’s garden. 

We have grown many young peepul trees from seed and planted them out 
in the forest. We find it inadvisable to use them above 2,000 feet elevation on 
Hawaii, however, because they are .so severely attacked by the Olinda beetle, 
which keeps them stripped of foliage. 

Rr.MiMiir.s* hi(,. 

This tree, named Ficus Rumphii, after the famous l aitcli botanist, Kumphius, 
is a close relative of the i)eepul and is in fact so very similar to it that it is often 
confused with the peepul even by the native residents of India. Its leaves have 
much the same sha])c, texture and venation as those of the peepul, but their 
blades are truncate instead of cordate at the base and they do not end in nearly 
so long an acumen. 

As far as we have been able to determine, there is only one tree of Ficus 
Rumphii in these Islands, and that is growing in Mrs. booster’s garden on Nuu- 
anu avenue. We have reared numerous young trees from seed obtained from 
India and Siam, and liave also grown a few from cuttings taken from the tree 
in Mrs. Foster’s garden. 

Rumphius’ fig is so similar to the i)ee])ul in habit that it probably will not 
grow under conditions which are unsuited to the peepul, and as the latter is the 
superior tree, we should strive to propagate it in preference to Rumphius’ fig. 

Thk Roucih-Lkaved Fio. 

Ficus hispida is i)eculiar among the figs in that its leaves are borne opposite 
instead of alternate on the twigs. Its fruits are also borne in a peculiar manner, 
being formed on special short leafless shoots which spring in clusters from the 
main trunk and larger branches. It is not a large growing tree, but is extremely 
virile and spreads of itself quite rapidly. It also has a peculiar habit of sending 
up from its roots new shoots which eventually become new trees. While the 
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banyan walks over the landscape, tfke rough-leaved fig crawls It, ^ 

captures new territory for itself quitd as effectually as does the baajwa. 

Fkus hispida is not a large tree; in fact, it is usually described as a aimlt 
or niecJhmi sized tree, li is an extremely vigorous and aggreSsivC tree, Spread- 
ing itself quite rapidly by root-suckers and by seed when the proper wasp is as- 
sociated with it. It is indigenous over a very large area, its range extending 
from the Himalayas of India and Southern China in the north to the northern 
part of Australia in the south. It is very common on the Island of Hong Kong. 

We know of only one tree of Ficus hispida in Honolulu, that being in Mrs. 
Posterns garden. From cuttings taken from this specimen we have started many 
new trees and some of those planted in the Manoa arboretum have made ex- 
ceedingly rapid growth. We are now growing many thousand seedlings of this 
sjiecies from seed obtained in Australia by Mr. I’emberton. These trees will 
be available for distribution next winter. 

Ficl's Ini-ectori.\. 

This is a tall growing, wide .spreading tree of .stately character. It is ile- 
ciduous, remaining leafless for a short period each year. It is a common com- 
ponent of natural forests over a very wide range, extending from China through- 
out India, Ceylon and Malaya. It a.scends to 5,000 feet elevation in the Himala- 
yas. It is frequently found on steep, barren slopes anchored in the crevices of 
rocks. It produces figs in abundance when properly placed, but these are quite 
small, being only one-fourth to one-third of an inch in diameter. 

Ficus infcctoria is a rapidly growing tree and should make a very efficient 
member of the plant .societies which we wi.sh to build on our watersheds. -Uj) to 
the present time we have found but one tree of this species in Honolulu, and 
that is a very large specimen located in Mrs. Foster’s garden. Cuttings from 
this tree strike readily and we now have several fine young trees developing in 
the Manoa arboretum. 


Other Orientai. Fin Trei-s. 

The genus Ficus contains some 700 species, over four-fifths of which are 
native to the Indo-Malayan region. 

In the foregoing paragraphs we have enumerated and described only such 
species as are already represented in Hawaii by mature specimens and which 
we know would prove to be desirable trees in the new forests which we wish to 
create on our watersheds. There are a few other Oriental figs already repre- 
sented in Hawaii by fruiting specimens of moderate size, but we have not yet 
been able to identify the .species or fully determine their forestry value. None 
of them appear to be as desirable trees for our forests as the Indiarubber, the 
Chinese banyan or the peepul tree. 

In a recent number of the “Record,” Fr- X. Williams described the more 
striking fig trees that are to be found in the native forests in the Philippines. 
Many of these develop into magnificent trees in their natural haunts, and if they 
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will do as well in Hawaii they will prove most vahiablc additions to our new 
flora. From seed which Mr, Williams secured, we are now growing large num- 
bers of seedlings of some fifteen species of Philippine figs. These will be planted 
out in our forests on various parts of these Islands and if they develop into 
serviceable forest trees we may eventually introduce the wasps associated with 
them and thus convert them into self proj)agating components of our new for- 
ests. We are likewise growing .seedlings of some ten fig trees of exceptional 
promise from .seed obtained from Java, India, Tlnrma and Siam. It will, of 
course, be several years before we can accurately judge the fore.sl value of these 
trees under Hawaiian conditions. The only way we can obtain the desired in- 
formation is to plant out the trees and await re.sults. This of course applies 
only to si)ecies which have not yet been tried out under Hawaiian conditions. 
'I'hose described in detail above are already rei)rcsented by one or more thrifty 
specimens and have <lcmonst rated their ahilit) to grow and thrive under local 
conditions, and Nve may jdant them out on our watersheds with full assurance 
that tliey will do all that we e.xpect of them. 


Earthworms and Their Culture in Relation to Agriculture, 


I’.y F. Ml- IK. 

( )nc of llic most fascin«'itin;4 works ('f Cliarlcs l)arwtn is “X’e^etahle Mould 
and k-arthwornis Like many of his works it is written so clearly an*! simply 
that no technical knowledi^e is retjuired to imdersuind and a])])reciate the evidence 
hroiyi»‘ht together and the conclusions to he dc^^ed from it. 

I'o anyone considering^* the matter for the first lime without any previous 
information on the subject, it a])p<.ars incredible tliat such soft, comiiaratively 
small creatures as earthworms could play any important i»art in nature. Vet it 
has been demonsirated that they arc responsihic for the entire or greater jiortion of 
the vegetable mould that covers a large portion of the surface of the land, and 
which plays such an important part in the lives of men on account of its value for 
agriculture. 

Without agriculture, man is a semi-wild animal living by hunting or roam- 
ing about with herds of cattle. So far as worms liave prepared large areas 
of the earth for agricnliurc, or for good jiasture lands, so far have worms con- 
tributetl to the civilization of mankind. 

The long, cylindrical and segmented ap])ea ranee of earthworms is familiar 
to almost everyone. The body wall is formed of three layers: an outer c]>idcrmis, 
under this a layer of circular muscle-fibres, and beneath this a layer of longitudinal 
muscles. Arising from the epidermis are a number of Iiairs or chaetae which 
evidently serve as passive organs of locomotion. T>y the alternate contraction and 
expansion of the longitudinal and circular muscles the worm can make itself thick 
and short or long and thin, and by the aid of these passive organs of locomotion a 
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hold can be gotten on the surface of the soil or in the burrow. If we cut a worm 
longitudinally and open the body wall, the digestive lube is seen to be running 
from end to end perfectly straight. At the anterior end the mouth forms a sucker ; 
this leads into the but'cal cavity; then into a larger i.'avity, the pharynx; then into 
a narrower aesophagus which is long, muscular, with thick walls, and enlarges into 
a crop ; and then into a gizzard. This gizzard has very thick muscular walls and a 
stout lining of chitin. The remainder of the digestive tube is the wider intestine 
which is large and opens at the posterior end of the worm. ( )n the aesophagus are 
three pair of calciferous glands which are remarkable, for nothing like them is 
known in other animals. It is suggested that their secretions neutralize the humus 
acids of the food. The gizzard crushes and grinds the food and small bits of 
stones are generally found in it. 

Worms live in the soil in burrows which they make by either forcing or 
eating their way through the loose soil. With their head at the bottom of the 
burrow they excavate the soil with their mouth and swallow it. This is then 
cast out at the mouth of the burrow as “casts.” Worms generally live near 
the surface. In dry or cold weather they penetrate to considerable depths and 
are found even to sixty-six inches below the surface, 'fheir burrows are lined 
with fine dark soil voided by the worm, the entrance often being lined with 
bits of leaves and closed witli small stones and other objects. The foo<l consists 
of vegetable matter which they get by .swallowing bits of leaves etc., tw by swallow- 
ing soil containing vegetable matter. Darwin showed that they exercise consid- 
erable intelligence in selecting th.eir food and in dragging it into their burrows. 

This action of burrowing into the .soil and voiding the excavated soil unto 
the surface cau.ses the ground to be iierforaled with many burrows. These, in the 
course of time, collapse and the soil cast up settles down. As only fine soil is 
swallowed, this means that in the course of years the top surface consists entirely 
of soil sifted through the digestive tubes of worms, ground in their gizzard, mixed 
with remains of leaves and other vegetable matter and saturated with their secre- 
tions, and its whole chemical and mechanical nature considerailly changed. 

When we consi<ler a single worm, the above all .seems very impractical even 
if theoretically true. It is only when we realize the wide distribution of worms 
and their numbers that we can realize the great part they play in nature’s economy. 

In Euroj^e it was estimated by Hansen that in a kitchen garden there are 
53,767 living worms in an acre, there being nine burrows in two square feet. 
Worms would not be so numerous in poorer soils, but even if we lake half this 
number as an average it gives astonishing results. 

From a series of observations in different localities it is calculated that twenty 
ounces of soil are ejected by each worm annually. This would give fifteen tons 
as the weight of the castings annually thrown up on an acre of land. 

The work of worms, turning up the soil and burying objects, has been demon- 
strated by actual experiments. Objects, such as chalk, coal, etc,, scattered over 
the surface of pasture land soon disappears, and if dug up after a number of 
years are found to be some distance below the surface, all in the same plane, thus 
showing that the whole surface has sunk at a uniform fate. Five experiments 
^ showed the following results in different soils after ten years: 2.2 inches, 1.9 
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inches, 2.1 inches, 2.2 inches, 0.83 inches. This would give an average of nearly 
.2 inch a year. 

A considerable portion of Darwin's work is to show that large objects, such as 
stones, buildings and pavements have been buried to considerable depths by the 
action of worms. He also points out the great part they play in the geology of 
the land. 

The following passages from Darwin's work give his conclusion as to the 
value of worms as agriculturists : 

Wonna hnvo ])lay(‘<l n nioro important part in the history of the world than most 
persons would at first .suppose. In almost all humid eountries they are extraordinarily 
numerous, and for their size possess great inuseular ])ower. In many parts of England a 
weight of more than ten tons (10,51() kilogrammes) of dry earth annually passes through 
their bodies and is brought to the surface on each acre of land; so that the whole super- 
fieifil bed of vegetable mould passes through their bodies in the course of every few years. 
From the collapsing of the old burrows the mould is in constant though slow movement, 
and the ])articles composing it are thus rubbed together. By these means fresh surfaces 
are continually exposed to the action of the car])onic acid in the soil, and of the humus- 
acids which a])i)ear to be still more efficient in the decomj)f)sition of rocks. The generation 
of the humus-acids is probably hastened <luring the digestion of t)u‘ many half-decayed 
leaves which worms consume. Thus the particles of earth, forming the superficial mould, 
are subjected to conditions emineiitly favorable for their decom])ositioii ami disintegration. 
Moreover, the particles of the softer rocks suffer some amount of mechanical trituration 
in the muscular gizzards of worms, in which small stones s(‘rve as mill-stones 

Worms prepare the ground in an excellent manner for the growth of fibrous-rooted 
jdants and for seedlings of all kinds. They ]>eriodically expose the mould to the air, 
and sift it so that no stones larger than the particles which they can swallow are left in 
it. They mingle the whole intimately together, like a gardener who j)repares fine soil for 
his choicest plants. In this state it is well fitted to retain moisture ami to absorb all 
soluble sub.stances, as well as for the process of nitrification. The bones of dead animals, 
the harder parts of insects, the slielJs of land-molluscs, leaves, tni^as, etc., before long are 
all buried beneath the accumulated castings of worms, and are thus brought in a more or 
less decayed state within reach of the roots of plants. Worms likewise drag an infinite 
number of dead leaves and other ])art8 of plants into their burro^^s, partly for the sake 
of [»luggiiig them up and partly as food. 

The leaves which are dragged into the burro^^s as food, after being torn into the 
finest shreds, partially digested, and saturated with the intestinal and urinary secretions, 
are commingled with much earth. This earth forms the dark colored, rich humus which 
almost everywhere covers the surface of the land ^^ith a fairly well-defined layer or mantle. 

It is believed by some persons that worm burrows, which often penetrate the ground 
almost perpendicularly to a depth of five or six feet, materially aid in its drainage; 
notwithstanding that the viscid castings piled over the mouths of the burrows prevent or 
check the rain-water directly entering them. They allow the air to penetrate deej)ly 
into the ground. They also greatly facilitate the downward passage of roots of moderate 
size; and those will be nourished by the humus with which the burrows are lined. ^lany 
seeds owe their germination to having been covered by castings; and others buried to a 
considerable depth beneath accumulated castings lie dormant, until at some future time 
they are accidentally uncovered and germinate 

When we behold a wide, turf-covered expanse, we should remember that its smooth- 
ness, on which so much of its beauty depends, is mainly due to all the inequalities having 
been slowly levelled by worms. It is a marvellous reflection that the whole of the super- 
ficial mould over any such expanse has passed, and will again pass, every few years through 
the bodies of worms. The plough is one of the most ancient and most valuable of man’s 
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inventions; but long before he existed the land was in fact regularly ploughed, and still 
continues to be thus ploughed by earthworms. It may be doubted w^hether there are many 
other animals which have played so important a part in the history of the w'orld, as have 
these lowly organized* creatures. ‘Some other animals, however, still more lowly organized, 
namely corals, have done far more conspicuous work m having constructed innumerable 
reefs and islands in the great oceans; but these are almost confined to the tropical zones. 

Turning from earthworms to a closely related family, Enchytraeidae, we find 
that recent investigations indicate that these little creatures, hitherto considered 
as of no importance to agriculture, possibly play an important role. These are 
small or minute worms, mostly considerably less than an inch in length, that live 
in soil or water and are common in soils in most parts of the world. G. Jegen, 
a biologist in Europe, has been studying the habits of some of these worms and 
finds that they live upon nematodes, such as the destructive Tylcnchus devastatrix 
and Aphelvnchus ormcroidcs. When we consider how harmful nematodes are to 
crops in many parts of the world the value of these little worms becomes apparent. 

Does all this information about “worms” have any bearing upon agriculture 
in Hawaii? 

If we turn to the “I'auna Hawaiiensis,” the store house of information of the 
land animals of our islands, we find that l>r. Perkins collected twelve species of 
earthworms, mostly in out of the way places in the mountains where native s]x*cics 
were most likely to be found. Of these twelve only one is doubtfully native, all 
the others being found in various parts of the world, and were evidently intro- 
duced by man comparatively recently. It is doubtful if earthworms existed in the 
islands before the advent of the white men. Most of our worms have evidently 
been brought from Asia as several of the s])ccies found here have been taken in 
Hongkong. 

A characteristic of the soils of these islands is a comparative absence of the 
layer of vegetable mould found in many parts of the world, even in our moister 
districts. We have deep, fine soils in some parts, hut these are ccmiparalively free 
from humus and in our damp forests where conditions are ideal for the accumula- 
tion of vegetable mould we do not find that 18 to 24 inches of fine, well shifted 
mould rich in vegetable matter, in anything like the same proportion as we do in 
many other parts of the world. Is it not possible that this is due to the absence of 
earthworms in these islands in long past ages? 

Even now that we have accidentally acquired a dozen species or so have we 
those that are best suited for our soils and which are capable of doing the greatest 
good? In South Africa there are worms that throw up casts of 25 cubic inches 
or more. In our meadow lands and on our lawns our grass is very ])oor and thin. 
May it not be due to the comparative scarcity of worms throwing up the soil 
through which the grass grows so that in a few years’ time the turf is thick? 
These are all questions into which it is well worth inquiring. 

Of the Enchytraeidae we have no single example in the i.sland so far as is 
knowm at present. Would it not be well to inquire further into the habits of 
these worms in Europe and elsewhere where Nematodes are not reported as being 
so very injurious, and where agriculture has been carried on for many hundreds 
of years? 
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The more we know of nature, the more we find tliat the destiny of the human 
race is bound up more with the smaller creatures of the universe than with the 
greater. 


Mosaic Disease on a New Grass Host. 


By L. O. Kunkel. 

It has recently been (jbservecl that the wild gras.s Chactochloa vcrticiUata, 
which is a rather common weed in cane fields and along roads and watercourses, 
is subject to mosaic. 'J'hc disease often attacks this host severely, causing a 

marked discoloration of 
the leaves and a stunting 
of the whole plant. It 
c'losely resembles the mo- 
saic on sugar cane and 
may be the same disease. 
This possibility brings 
the grass under suspi- 
cion as a means of 
spreading mosaic to 
cane. Experiments to 
determine this point are 
now under way. In the 
meantime it should be 
looked on as a danger- 
ous weed. 

Cliactocliloa verticil- 
UUit, which is one of the 
bristly, foxtail grasses, is 
an annual. It grows in 
dense tufts and reaches 
a height of from one to 
two feet. Seed is i)ro- 
d u c e d i n cylindrical 
spike-like ])anicles. The 
panicles, especially when 
ripe, readily become at- 
tached to clothing by 
means of downwardly 
barbed bristles which surround the spikelcts. The accompanying illustration, which 
shows a portion of a mature plant, may be of aid in identifying the grass. 





ChactocMoa verticillata. 
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Experiments at Oahu Sugar Company. 

By J. A. Verret. 

General. 

These experiments are on the Oahu Sugar Company plantation in field 45 B 
at an elevation of about 550 feet. 

About half the area of this experiment was in Lahaina cane and was suffering 
severely from Root-rot or so-called Lahaina disease. It was therefore decided 
to harvest this field early and plow it up in order to plant some other variety of 
cane. The 1920 ciop was harvested in November, 1920, and the last one in Febru- 
ary, 1922, the cane being fifteen months old at the time. 

The ctine juices were taken from carload lots at the mill. 

This is the third crop harvested from these experiments; the first crop, in 
1918, was planted on virgin land. 

The results of the 1920 and 1922 crops from this area show in an interesting 
v/ay the advantage of reporting sugar yields on the basis of “sugar per acre per 
month’’ rather than “sugar per acre" only. 

The yield in 1920 from a series of plots receiving uniform treatment amounted 
to 13 tons of sugar per acre. The yield from the same plots in 1922 was 5,'4 tons 
of sugar. At first sight this appears to be a tremendous difference. ()n clo.ser 
study of the records, however, we find this difference to be more apparent than 
real. 

The 1920 crop occupied the land from March 1918 to November 1920, a 
period of 32 months. The 1922 crop occupied the land from November 1920 to 
February 1922, a period of 15 months. 

The amount of sugar actually produced per acre per month for these two 
crops figures out as follows; 

1920 crop==0.413 ton p. a. p. m. 

1922 croi5=0.347 “ “ “ “ “ 

This is a difference of only 16%. 

The results obtained in this field are briefly summarized as follows ; 

1st. Varieties: Lahaina, Striped Mexican, H 146, H 109, Badila, Yellow 
Caledonia, H 333, 11 227 and D 1135 were compared. Lahaina and H 146 failed 
on account of Root-rot. H 333 was killed by Eye-spot. H 227 and Yellow Cale- 
donia did not do well. H 109 and D 1135 gave the best yields. H456, Badila, 
and Striped Mexican did fairly well. 

2nd. The economic response to nitrogen fertilization varied from 150 to 225 
pounds per acre, the average being 200 pounds. This would be supplied by say 
900 pounds of high grade containing 11% nitrogen and 650 pounds of nitrate of 
soda. 

3rd. Potash was of no value in increasing yields. 

4th. The response to phosphoric acid ferdlization was large. From 90 to 
120 pounds per acre of PaO.'v (550 to 700 pounds of acid phosphate) can be used 
to advantage. 
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Experiment No. 3 — Amounts of Nitrogen. 


All plots received phosphoric acid and potash. The amounts of nitrogen used 
varied from nothiflg to 375 pounds per acre. The cane was D 1135. 

I 

The tons of sugar obtained for three crops are as follows: 



Yield per Acre 

Treatment 

1918 

21 Months 

1920 

32 Months 

1922 

15 Months 

Nn Tiitrogfin 

5.93 

9.00 

3.46 

75 poiuids nitrogen 

6.73 

10.20 

4.60 

150 ** 

7.30 

11.38 

5.14 

225 ' 

7.71 

10.95 

10.94 

5.50 

300 ** 

7.41 

5.31 

375 ** ' 

7.69 

10.81 

5.13 



The effect of varying amounts of fertilizer on the quality of the juices is 
shown below : 

QUALITY RATION OF JUICE8 FROM EXPERIMENT NO. 3 


Treatment 

1918 Crop 

1920 Crop 

1922 Crop 

Average 

No nitrogen 

9.38 

7.11 

7.90 

S.1.1 

75 pounds nitrogen 

9.69 

7.32 

7.87 

8.29 

150 '' 

9.91 

7.96 

8.31 

8.73 

225 ** < ' 

9.94 

8.53 

8.51 

8.99 

300 < ‘ * 

10.61 

8.47 

8.40 

9.16 

375 

10.93 

8.64 

9.04 

1 9.54 


The 1918 crop was harvested in March, the 1920 in November, and the 1922 
in February. The last fertilization to the 1918 crop was applied in July 1917, for 
the 1920 and 1922 crops, it was applied in May. That was in all cases too late for 
best results, especially when the cane is harvested early. 

The juices show a continued lowering in quality as the amounts of nitrogen 
are increased. The figures with which we are rrfostly concerned are those showing 
the difference between 150 and 225 pounds of nitrogen per acre. When the nitro- 
gen is increased from 150 to 225 pounds, the quality ratio is raised 0.26 ton of 
cane, amounting to about 3%. Getting the cane to the mill one day sooner after 
burning would just about make up for this. 

But it must be distinctly recognized that increasing the nitrogen fertilizer has 
a tendency to lower the quality of the juices, all other things being equal. Up tf' 
a certain point, this is more than made up by increased cane tonnage. In order to 
avoid this as much as possible the second season fertilization should be finished 
as early as practical. The results of our fertilizer experiments lead us to believe 
heavy fertilization finished in March will give~as good juices as lighter applica- 
tions in June or July. 
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Details of Experiment. 

Amount of nitrogen to apply — 0, 75, 150, 225, 300, and 375 lbs. nitrogen per acre. 

Object: 

To determine the most jirofitable amount of nitrogen to apply to 2nd ratoons, Jong. 
Note: In the plant and first ratoons preceding the present crop, the three plant foods, 
nitrogen, phosphoric acid, and ]>otash, were applied in variable quantities. For this 
crop, phosphoric acid and iJotash are ajqdied uniformly to all plots, jiitrogeu being 
the only variable. 

Location: 

Field 45, sections 1, 2, 3, and 4 of the experimental area in this field, Kunia side of 
the straight ditch. 

Crop: 

Lahaina and D1135, 2nd ratoons, long. 

Layout: 

No. of plots: 94. 


Size of j)lots: 
rows). Each 
areas include 

Plan: 

Fertilization- 

1/10 acre each (79.2' x 55') consisting of 20 single 
plot two watercourse.s in width; each single row 
watercourses. For level and straight ditches add 2 

-pounds nitrogen per acre: 

rows (or 10 doub 
1/200 acre. Tlun 

.5%. 

Plots 

No. of 

As M.F. 

As N.S. 


Total Lbs. 



Jan.-Feb. 1921 

May-Jum 1921 


Nit. 

A 

15 

0 

0 


0 

B 

If) 

37.5 

.37.5 


75 

0 

l(i 

75.0 

75.0 


150 

D 

17 

112.5 

112.5 


225 

E 

10 

15(.'.(t 

150.0 


300 

F 

14 

1S7.5 

1S7.5 


.375 

Pane Prop 

17.6 

75.0 

75.0 

t 

150 


All plots to receive uniform d()se of 150 pounds of as acid phosphate, including 

that in mixed fertilizer, and 50 pounds applied in a separate diessing, .J:in.-Fe]>. 
1921. 

M. F.=mixed fertilizer lU/r N. {l*/i sulf., 'MA nitrate, organic.); 97^ 1W» 
boneiiH'al), 

N. S.=jiitrate of soda 15.5Vf N. 


KxPKkiMKNT No. 4 AMOl^VTS OF PlIOSPIIORlC A('Tl) AND PoTASTT. 

In this test all plots received nitrog^en at the rate of 200 pounds per acre. 
Tile amounts of phosphoric acid and potash were varied. The results obtained 
from the D 1135 for three crops are g^iven as follows: 



1918 CEOP— PLANT 


Treatment 

4» 

Yield Per Acre 

Gain in Sugar over 
Plots Getting Nitro- 
gen Only 

N. 

j 1 


K20 

Cane 

Q. R. 

^ugar 

200 

30 

20 

59.4 

9.68 

6.14 

+0.68 

200 

0 

0 

51.8 

9.47 

5.46 


200 

00 

40 1 

00.5 1 

9.71 

6.23 

+0.78 

200 

0 

0 

50.4 

9.26 

5.45 ! 

i 


200 1 

90 

60 

04.8 

10.51 

6.17 

+1.40 

200 

0 

0 

49.1 

10.28 

4.77 


200 

120 

80 

05.5 

11.02 

5.95 

+1.37 

200 

0 

0 

47.7 1 

10.19 

4.08 

' 


1920 CROP— 1st RATOONS 


1 

Treatment 

Yield Per Acre 

Gains Over Nitrogen 
Plots 

N. 

P2O5 

K2O 

Cane 

Q. R. 

Sugar 

200 

30 

20 

78.7 

7.17 

10.98 

+1.92 

200 

0 

20 

67.6 

7.46 

9.06 


200 

60 

40 

89.5 

7.73 

11.57 

+2.00 

200 

0 

20 

71.0 

7.46 

9.57 


200 1 

1 

90 

60 

91.0 

7.59 

12.22 

+2.02 - 

200 

0 

20 

76.0 

7.46 

10.20 


200 

120 

80 

i 99.5 

7.21 

13.79 

+4.71 

200 

0 * 

20 

67.8 

7.56 

9.08 



1922 CROP— 2nd RATOONS 


Treatment 

Yield Per Acre 

Gain Due to 

Acid 

N. 

P2O5 

K20 

Cane 

Q. E. 

Sugar 

175 

0 


' 

37.8 

8.72 

4.33 


3 75 


50 

40.3 

8.60 

4.69 

+0.36 

175 

90 

50 

41.5 

8.75 

4.74 

+0.41 

175 

150 

50 

44.5 

9.33 

4.81 

+0.48 

175 


50 

44.2 

9.12 

4.84 

+0.51 


The soil in this field is high in potash. In an adjoining area no gains were 
obtained from potash. Therefore the gains obtained here are due to the phos- 
phoric acid. 

These results indicate that economic gams are obtained in phosphoric acid 
applications of from 90 to 120 pounds of P 20 r. per acre. 1'his corresponds to from 
. 550 to say 700 pounds of acid phosphate. 
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Details of Experiment, 

PHOSPHORIC ACID— AMOUNT TO APPLY. 


Object: 

To determine the most profitable amount of phosphoric a*eid to apply to these mauka 
lands. Comparing (50, 90, 120, 150, and 180 pounds per acre. 

Location: 

Field 45, section 11 of the exjierimental area. 

Crop: 

Lahaina, D 1135 and H 109, 2nd ratoons, long. 

Layout: 

Number of plots: 03. 

Size of plots: 1/10 acre each ( 79.2' x 55') consisting of 20 single ro\\s (or 10 double 
rows). Each jdot is 2 watercourses wide; each single row 1/200 acre. These areas 
include watercourses. For level and straight ditches add 2.5%. 


Plan: 

F('rtilization — pounds per acre: 


1 

No. 1 

Jan. -Fob. 

]tt21 ! 

May-»Junc 1921 

Total 

1J)8. i)er 

Acre 

Plots i 

I'lols 1 

1 

N 

•w. 

K2<> 

N 

N I 

1 

i 

KoO 

i 

“ i 

K7.5 

(50 

50 

87.5 

175 1 

(50 

5(» 

B ! 

H 

.S7.5 1 

90 

50 1 

87.5 

1 75 

90 

50 

X ; 

31 1 

.S7.5 j 

120 

50 ‘ 

87.5 

175 ‘ 

120 

50 

c 

S 

S7.5 1 

150 

50 : 

87.5 

175 j 

150 1 

50 

D 

s 

87.5 1 

180 

50 ; 

87.5 

175 I 

180 

50 

Crop C , 

11.3 

87.5 i 

120 

i 

87.5 

175 1 

120 

•• 

N a-nd 

1 * 20 -, from 

mixed fertilize 

r=:ll%N (7 

•/> Hulph., 'M/, Nit., 1% Or 




and 9% IVV, (J^uper bonemeal) 

Nitrate of soda=15.5%' 

Potash from sulphate = 50. 0(/ KoO. 


Kxpertmknt No. 5 — V^ariktirs. 

In this experiment T.ahaina, Striped Mexican. H lOU, IT 146, H 227, M 333, 
Badila, Y^dlow Caledonia and H 436 are compared. 

From the results of three crops, one plant and two ratoons, ^’ellow Caledonia, 
H 227, II 333, Lahaina and H 146 were found not suited to this locality. Lahaina 
and IT 146 developed Root-rot. Yellow Caledonia and H227 g;ave poor yields, 
while H 333 was killed by Eye-spot. H 109 also suffered from Eye-spot, but in 
this i)articular field this was never severe enou£>h to prevent it from ^ivin^ good ' 
yields. 

The yields in tons of sugar from the four best varieties are given as follows 
for the three crops : 
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TONS SUGAR PER ACRE. 


Variety | 

1 

1920 

1922 

Average 

H109 

1 ^ 

8.80 

12.80 

4.85 

8.82 

8tr. Mex. 

8.24 

10.45 

^ 4.57 

7.79 

Badila 

7.90 

9.43 

4.95 

7.43 

H456 

... 

10.55 

4.10 

7.33 


D 1135 grown in adjoining areas gave yields approximating those of H 109. 


Details of Experiment, 


OT)ject; 

VARIETY TE.ST. 

To fomparo Lnhaina vvitli Striped Mexieaii, 11109, 1M16, 11 liliT, H lladila aud 

Yellow Oalcdojiia. (Second ratooiiH, long.) 

Location: 

Field 45, sectioii^i 4, 5, 7, 8, 9, and 10 of the experimental area of this field. 

Crop: 

Varieties as {vbove, 2nd ratoon long except II 450 which is first ratoon long. 

l>ayout: 

No. of plots: 99. 

Size of plots; 1/10 acre each (79.2'x55'), consisting of 20 single rows (or doable 
rows). Each plot is 2 watercourses wide. Each single row is 1/200 acre. These ureas 
include watercourses. For level and straight ditches 2.50( should be added. 


Plan: 

Fertilization uniform to all plots as folio w's: 


Jan.-Feb. 1921 

Moy-June 1921 

Total Lbs. 

1 

M. F. 

Acid Phos. ' 

N. 8. 


Nit. 

75 


75 

150 

P 20 .- 

(51 

92 


153 


Experiment originally planned by L. D. Larsen, 

Experiment originally laid out by J. 8. B. Pratt. 

Experiment harvested by Y. Kutsunai. 

* For 1920 crop H 456 was substituted for H 333. 

M. F.=ll% (7% sulf., 3'/r nit., 1% org.) 

P2O5 

Acid Pho8phate=17% P20r, 

Exi’Eriment No. Ct — Puo.si’horic Agio. 

The main purpose of this experiment was to compare equal amounts of PoO., 
from acid phosphate and from reverted phosphate. 
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Phosphoric Acid vs. No Phqsphoricacio. 

Oahu Sugar Co. Exp. 6. iszzcrop 
2"** Racoons, Long 



1 Ilf m iuii> iM .sii^tir iioiii uirtx* wtre a.s jiiiiuwi?: 


Treatment 

Tons 

Sugar ))er Acre 

Average 

1918 

1920 

1922 

Per Cro}) 

DO lbs. IMl;, from Acid ]>hos. 

8.40 

14.29 

5.66 

9.45 

DO lbs. Pi»():, reverted phos. | 

8.17 

15.46 

5.64 

9.75 


C'()nii)arin|L’ I'liospliatcs with no ])liosj)hates we obtained the followini; results: 


Treatment 

Tons Sugar IVr Acre 

» Averirge 

1 Per Crop 

1918 

1920 1 

1922 

1 

90 lbs. PoO;, per acre 

No ]>hosphates 

I 8,28 

1 7.07 

14.87 

12.38 

1 5.65 

i 3.01 

9.60 

7.47 


Details .>/ Experiment. 

PHOSPHORIO ACID EXPERIMENT. 

1. Reverted phosphate. 

2. Super phosphate. 

3. No phosphate. 

Object: 

To determine the value of apidying reverted phosphate as ajjainst apid^in^: acid phos- 
phate or no ])hosphate. 

Note: This is dui»lieatioii of the ex]»erimeiit as laid out for the 1013 crop requiring: 
harvesting data from two censeeutive erops. 

Location: 

Field 45, divisions 1 on both sides of the straight ditch which runs through the 
experimental area. 

Crop: H 109, second ratoon, long. 

Layout: 

No, of plots: 38. 

Size of plots: 1/22 acre each (30' x 55') consisting of 10 single rows each 5.5' x 30'. 
Each plot is one watercourse in width and each single row is 1/220 acre. These areas 
include watercourses. For level and straight ditches add 2.^^/c* 
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ipifkM* 

''A" j,iots=m lbs. per acre of phoepborlc acid as reverted pbospbate appUed Jan. 

1921 — to last for two crops. 

plots=99 lbs. per acre of phosphoric acid as reverted phosphate applied Jan, 1921 
to each crop. ^ 

plots=90 lbs. per acre of phosphoric acid as acid phosphate applied in January 
to each crop. 

plots=No phosphoric acid. 

All plots to receive uniform dose of 175 lbs. nitrogen in two equal doses and 50 lbs. 
potash in one dose. 

Nitrogen from nitrate of soda — 15.5% N. 

Potash from sulfate of potanh — 50.0% K 2 O. 

Experiment No. 8 — Potash. * 

We here tested the value of potash applications to a soil high in total potash, 

0 . 80 %. 

The results show no gains from the use of potash. The yields for the two 
treatments follow : 


Treatment 

Yield per Acre 

Cano 

Q.B. 1 

811 gar 

Potash 

44.2 

1 

8.(>0 

5.13 

No T’otash 

45.8 

s.rt« ; 

5.30 


Dcfails of Experiment. 

POTAHII. 

Object: 

To determine the value of potash on the niaukii laud of Oahu Sugar Co. 

Location: 

Field 45, in the makai Kipnpa corner of the exj)erimental area of this field (Section 12). 

Crop: 

Laha*iua and D 1135 with H 109 crop cane. 

All 2nd ratoons long. 

Layout: 

No. of plots: 21, 

♦Size of plots: 1/10 acre each (55' x 79.2') consisting of 20 single rows (10 double rows). 
Each plot two watercourses in width; each single row 1/200 acre. These areas include 
watercourses. For level and straight ditches add 2.5%. 

Plan: 

Fertilization — ‘pounds per acre: 


Plots 

No. 

Jan.-Feb. 1921 

May -June 1921 

Total Lbs. per 

Acre 

Plots 

N 

P 2 O 5 

K 2 O 

N 

N 

PaOr, 

KoO 

A&B 

11 

87.5 

120 

100 

87.5 

175 

120 

100 

X 

1 10 

87.5 

120 

0 

87.5 

175 

120 

0 


Nitrogen in first dose applied as mixed — 11% (7% Sulf., 3% Nit., 1% Org.); 9% PsOr,)* 
Nitrogen in second dose applied as N. S. 15.5%n?7. 

Phosphoric acid applied as mixed with supplementary dose of acid phosphate. 
Experiment planned by R. S. Thurston. 
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Elntoinological Work in the Philippines. 


Septemhcr 1920— April 1922. 

I>y Fkancis X. Williams. 

With the exception of a week’s stay in llonj^kong, ('hina, llie work abroad 
was confined to the Philii^jfine Islands. 

Ojukct of thf Work. 

This was to secure natural enemies of the wireworms, Monocrepidiiis exsiil 
and Sinwdactylus cinnamomciis, which have caused damage to some of the Ha- 
waiian cane fields; to import the fig-wasp which pollinates the flowers of Ficus 
rctiisa, of which several trees grow in Hawaii: and lo study and establish such 
other beneficial insects as opjiortunity ofifered. In addition, some eflfort was made 
to gather seeds of trees which would aid the reforestation work in Hawaii. 

ISI.WDS \hsiTFI). 

'ken islands of the Philippine grouj) were visited. Some of these were com- 
])aratively small and unimportant and my stay there — incident to a longer journey 
- was brief ; the larger islands, especially those more or less given over to the 
cultivation of sugar cane necessitated a residence of some da\s or weeks. IVo- 
ceeding from north to south the f(»llowing islands were visited: Luzon, P(dillo, 
Mindoro, Komblon, Panay, Cebu, Negros, Mindanao, Jolo and Siasi. F.ver}- 
where assistance was gladly extended lo me. At the College of Agriculture, 
Los Panos, Luzon, library, laboratory, and insectary facilities were available as 
well as the aid of the capable scientific stafif of that institution. The same was 
the case with the Forest Schoed there, and of the Bureaus of Forestry and of 
Science in Manila. Government Experiment Stations, the Sugar Centrals and 
Haciendas all made work easier, and to them thanks are also due. 

Luzon, tht largest of the Philippine group is about ten times the area of the 
Island of Hawaii. Here most of the investigations were carried on at the College 
of Agriculture, Los Bancs, an excellent place to study entomological or botanical 
problems. The College, part of the University of the Philippines, lies some forty 
miles southeast of Manila and is in a sugar cane district. The Calamba Sugar 
Estate is nearby, and the District of Lipa, only a few' miles further. The Del 
Carmen Sugar Central, in Pampanga north of Manila Bay, w^as twice visited. 
In Mindoro, a few days were spent at the ^lindoro Sugar Estate Company on the 
southwest coast. In Panay, the sugar cane about Iloilo and that of Capiz Central 
to the north were investigated. In Cebu, a trip w-as made to Logo tow’ards its 
northern end, where considerable sugar cane is grown. 

The Island of Negros, w’hich is somewdiat larger than that of Hawaii is of 
rather elongate form and in many places the land extends, as a long slope, up to 
the central mountain mass, thus affording extensive areas for the growth of cane. 
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Here, especially in Occidental Negros, modern centrals have almost done away 
with the operation of the crude muscovado sugar mills which dot the country. 
This island proved the most promising of any for the investigation of sugar cane 
insects. ^ 

Mindanao, the big island to the south is nearly as large as Luzon, and the 
richest in the Archipelago. Here the sugar industry is only in its infancy. A little 
canc was investigated at Zamboanga, its chief sea])ort and also at lligan on the 
north coast. The varieties of sugar cane planted, as regards area, are still prevail- 
ingly of the native types introduced years ago. Negros Purple and Cebu Purple 
are such, and are planted over extensive areas. In many places canc is grown on 
a small scale and is sold in the native stores, a few sticks at a time, for individual 
or family consumption. Occasionally one may find a few varieties of rather 
striking appearance in the market places of the southern islands. 

WiKKWouM Parasites. 

These were not found. As far as I could ascertain wireworms are not a 
recognized pest of Philippine agriculture and the majority of sugar men were 
unacquainted with the appearance of the larva. Nevertheless many species inhabit 
the Archipelago. As a rule they were found in small numbers in the larval stages. 
Aside from a quite small species whose larva was once found associated with 
a little bethylid wasp there was no appearance of parasitism. This small wire- 
worm was abundant locally in July 1921 at Del Carmen Central, and full fed 
was about 8 mm. long. About Los P>anos, a few specimens of wireworm larvae 
of several kinds were unearthed, both in the field and in the forest. Some of the 
Monocrepidius tyi)e were somewhat over two inches long. Experiments with 
these seemed to show that they were at least preferably carnivorous and readily 
ate white grubs and other wireworm larvae. Here and there wireworms -were 
dug up. At Silay, Negros Occidental, fallow cane fields yielded a few Monocrepi- 
dins or related larvae, in September, 1921. At Isabela Central, farther south and 
on the same island 1 was told of a wirew^orm infestation, and. investigation showed 
Monocrepidius or an ally in fairly good numbers and more or less associated with 
a large lamellicorn beetle grub infesting a cane field. Here as elsewhere I found 
no wasps that appeared likely to ])arasilize Monocrepidius or its slenderer rela- 
tives. 

Blastophaga Wasps for Ficus retusa. 

Ficus retusa is a strangling fig that grows wild in the Philippines. Along the 
shores of a large lake at Los Panos it was a small tree or shrub on the cliffs. In 
the forest on Mount Maquiling it occurred as a larger tree, but was neither as tall 
nor as handsome as a number of other stranglers there. At Hongkong, however, 
it presented a very good appearance and made an excellent avenue tree. Several 
shipments of F, retusa figs bearing wasps were made to Hawaii but neither the 
Philippine lots nor the ones from Hongkong yielded the proper insects. Mar- 
cotting was tried as a method of transporting the Blastophaga in growing figs, 
but the plants did not show up well, and were continuously dropping their im- 
mature fruits. In connection with the work on Ficus retusa, many other species 
of figs and fig wasps were studied or collected. About fifty species of figs — some 
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vines, others inclcpenclcnt trees or slirubs or slran^ders — were observed on Mount 
Maquiling, Luzon, and seven or eight additional kinds on the more southern 
islands. As a forest cover figs are useful plants and some of the stranglers grow 
into self-supporting trees, assume very large dimensions, and are noticeable for 
their wide crowns and stout stems. 

PaKASITKS on the liEAN LvCAKMl). 

A])proximately 3000 eggs of a blue butterfly related to our Polyommaius 
Jfocticiis wdiich damages the flowers and seeds of San Hemp, C ow peas, etc., were 
shii)]:ed here in lots from time to time but without yielding the desired egg para- 
site. A very small consignment of an Ichneumonid wasp that parasitizes the larva 
of the Jdiilipi^ine butterfly was bnjught over and lil)erated at the l^'ederal Experi- 
ment Station, as wqW as a somewhat larger lot of Odyjtcnts w’asi)s, one species 
of which stores its nest with l^ycaeni<l caterpillars. l»lue, bean butterflies are 
numerous in cultivated areas in the lMiili])pines, but more so here where they 
have not as many enemies. 

Ann in I^nkmiks. 

In the IMnHp])ines. aphids are often very abundant on legume.s, crucifers, etc., 
I)ut sooner or later their enemies- -la<lybeetles, Syr])hi(l flies, \vas])s. etc. — do much 
to siippres*^ them. Ladybeetles or C'<‘cinellidae appear to be about their most effi- 
cient enemy. Xo aphid enemies surxived sliipmeni from Manila. W'ool} aphis 
{Orryiiia) on cane - native and cultivated- and bamboo were found to be at- 
lacked by the larva of a small moth. 

Ckicket ILnemus. 

Mole cricket.s ( iiryllolalf^a ) and field cricket.s ( (iryllus) are ])e^ts of not much 
importance here. However, their reductu n in Hawaii is desirable. Three specie^^ 
of Larridae that i)rey on these insects were released in Honolulu. 

DrxG Beetles. 

These enemies of the hornfly were twdee shipped in from ^Manila. Three 
species, Outhopliagus sp, Onites phartopus and CatJiarsins vwlossus were repre- 
sented, but only a few of the first reached maturity in Honolulu and were liberated. 
A lliilij^pinc llisterid beetle (K'casicmal under manure was shown to devour fly 
maggots. 

Tephrosia Candida \ ni ) Lcacacna (jhmea. 

The seeds of these legumes, especially of the former, are subject to insect 
attack and a little lime w’as given to studying the enemies of such seed catcr])illars. 

N ut<;kass ( Cy penis rotandus ) 1 x sects. 

This sedge, as elsewhere in the tropics, is considered undesirable in the 
Philippines. Tn that country there arc several insects which weaken or destroy this 
pest. Two of these were successfully shij>ped to Honolulu where they are being 
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tried out in quarantine on some agricultural plants they might injure. It would be 
inadvisable to liberate such insects if there was a chance of their becoming noxious 
here. The two insects under probation are the larva of a small moth, identified by 
O. H. Swezey as Bacira sp., which bores intc the stem and to some extent into 
the tuber itself. The other insect, likewise a borer, is a small weevil whose grub 
has habits much like the caterpillar, lloth pupate in the plant. In the P’hilippines 
1 do not think that this combined work averages more than five per cent effective. 

A species of parasitic wasp atid a .small Tachinid fly preys on the moth cater- 
pillar. The beetle larva seems to have fewer enemies : it is occasionally killed by 
an exoparasite, the larva of a Chalcid wa.sp. What .seemed to be the same moth 
caterpillar was found on nutgrass at Hongkong. .A. dark green Aphid occurs on 
the leaves, and the base and roots harbor a rather small mealybug. A small 
blacki.sh flea beetle (Chrysomelidae) is occasionally found on this ])lant. A fungus 
(Puccinea sp. ) is very common on nutgrass which it affects in considerable areas, 
but does not appear to kill it. 


C.SNK l>isK.\si:.s Ca.\'i-; I.nskcts. 

While in the sugar cane di.stricts I had opportunity of becoming acciuainted 
with various cane pests. I'iji disease and downy mildew were pointed out to me, 
and what appeared to be Yellow Stripe di.scase was very prevalent. 

Of cane borers a number of species were noted. In Occidental Negros 1 
took a few specimens of a beetle borer, M ecistoccnis sp. allied to the beetle borer 
in Hawaii and working in about the same wav in cane stems. Sj)ecimens in the 
H. S. P. A. Experiment Station collections .show that this s])ecies oc^'urs also in 
the islands to the south of the Philippines. Hut the borers which arc considcuous 
by the effects of their work are the caterpillars of certain moth.s of which several 
species were found. The moths rej)re.sent three families. Pyralidae. Nwtuidae 
and Tortricidae, the first prevailing. .Some were found in "'ralahib” or wild cane 
(Saccharum spontaneum), a tall grass often very abundant about cane fields and 
elsewhere and doubtless the original food plant of certain cane-attacking insects. 
Some of the caterpillars are to be found in both old and young cane, others are 
more or less confined to juvenile plants, plant cane or ratoon, which they attack 
quite early. Some of these caterpillars go by the name of “point borer,” because 
the point is attacked and then shows as a central withered roll of leaves with one 
or more of the free leaves in like condition. The injury often extends well into 
the. .seed, the few tender joints of the shoot being more or less girdled, and 
although other shoots are produced, the growth of the cane is retarded. Point 
borers were found at widely different seasons and their w’ork was sometimes very 
conspicuous. A few parasites on cane-boring caterpillars were foitnd ; one was a 
tachinid fly, another a Braconid wasp, while a borer pupa produced a number of 
small Chalcid like wasps. 

The sugar cane aphid was not found plentiful, but a woolly aphis {Orc^ma 
lanigera) was often abundant, though scarcely harmful, on the underside of the 
leaves. What appeared to be the same insect occurred likewise on wild sugar cane. 
The sugar cane mealy bug. Pseudococcus sacchari was abundant. At North 
Negros many of the cane stems were found heavily attacked by a diaspine scale. 
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Several kinds of leafhoppers occur on cane, but are rarely found doing noticeable 
damage. Cyrtorhinus doubtless, and other enemies keep them in check. 

The Migratory Locu.st, Pachytylits sp. sometimes does considerable injury to 
Philippine crops and migrates in clouds. In Northern Panay, what was apparently 
a small swarm had alighted among some sugar cane in the foothills some days 
before my arrival. Only a small area of cane was affected, but at every turn of 
the trowel one or more egg masses of this locust would be unearthed. 

WniTK (iRl IiS. 

These are generally widespread in the cane fields and sometimes cause 
noticeable injury. A number f)f species are represented but the ones about which 
complaints seem to be generally made arc of large size and ])arallel the cane grubs 
in Queensland, Australia. A large Scoliid wasp was found in affected fields. 
Termites or white ants often appear secondary but sound cane may also be 
attacked. More than one species is involved. 

In general, however, I’hilippine cane insects are well regulated by their 
enemies so that the damage done by them is more often slight. s])oradic, or tit 
least not usually of major imi)ortance. 

I'ORKST CoNKITIO.VS. 

.‘some lime was devoted to the stiuly of forest conditions, with special refer- 
ence to species of figs and to the collection of seeds for reforestation in Hawaii. 
Later a student at the College (ff Agricidture was employed in collecting seeds 
about Los llanos, and in some si)ccies large numbers wt.''e obtained. Mount 
Ma(|uiling is very accessible, has an extensive flora, and at certain seasons of the 
year seeds of forest trees are abundant on the forest door. Quantities of these 
seeds are attacked by caterpillars, weevils, etc., and it is important to gather the 
seeds when freshly fallen and even when still atiachc(i to the trees. 

A few trij)s to other forests and mountains were made. The volcanic cones 
of Mount llanahao near Los llanos and of Canlaon in Negros were visited. 
Mount llanahao rises to over 7.000 feet. .At 4,000 (;r .s.OOO feet oak trees grow 
abundantly and three species of conifers, one of yew (Taxus sp. ). and two Podo- 
carf'its occur at suitable elevations. .At the summit one of the latter species pre- 
vails. Mount Canlaon is about 8,000 feet high and its deep and j^recipitous crater 
is still a little active, there being a strong smell of siil))hur in the vicinity. Here, 
as on other high mountains, temperate zone conditions ])revail, and a species of 
raspberry ( Ruhus sp. ) of fairly palatable nature and bumble bees, absent in the 
lowlands of the tropics, emphasize this point. 

A number of photographs of fore.st trees and forest scenes were taken for 
the department of forestry of the Experiment Station. 
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The Improvement of Pineapples Through Bud Selection,^ 


By A. D. Shami:4. 

Introditction. 

The term bud selection is here used to mean the selection of superior parent 
plant niateriai for proi)agation in those crops which are commonly proi)agated 
asexually, or, from vegetative i)arts. The term bud selection as applied to vegeta- 
lively propagated plants, as I interpret it, corresponds to the term seed selection 
as used in the case of plants propagated from seeds. 

The behavior of plants under cultivation depends upon two influences. 
(1) heredity, and (2) environment. We will discuss the hereditary influences in 
the case of a few vegetatively propagated crop plants from our point of view. The 
environmental influences include (1) climate, (2) soil, (3) tillage, (4) plant food 
or fertilizers, (5) water or irrigation practices, (6) light, and (7) fungus or 
other diseases, insect enemies and other limiting factors. The eflfcct of environ- 
mental influences upon plant behavior will not be dwelt upon here. The relation 
of hereditary influences to plant production, particularly the variations of vege- 
tatively propagated plants under cultivation and the origin of strains from these 
variations, will be briefly discussed from the standpoint of the isolation, propaga- 
tion and cultivation of superior strains through systematic bud selection work. 

OnjKCT OF Bun Selection Work. 

The object of plant improvement through bud selection work from the stand- 
point of this discussion may be divided into two general phases, (1) the discovery 
of new varieties, and (2) the amelioration of estal)lished varieties. That new 
varieties did or could originate from bud variations in vegetatively ])ropagated 
l)lants has been que.stioned by a few persons until within recent years. That an 
impressive number of important new varieties. of cultivated plants have arisen 
from bud selection is now proven by an overwhelming mass of indis])utable evi- 
dence. Furthermore, some of our most important cultivated varieties, heretofore 
believed to have originated as a result of seminal or seed variations, are now 
known to have arisen from bud variations. Notwithstanding the great importance 
to agriculture of this phase of bud selecticm work, which I have recently discussed 
in some detail elsewhere,*!* this discus.sion will be largely confined to the economic 
phases and possibilities of bud selection work for the improvement of existing 
varieties of established worth and value to agriculture. 

The Improvement of E.sTABLTSHEn Varieties. 

The use of the term ‘‘improvement’' in plant breeding has frequently been 
restricted solely to defining, or, as synonymous with the term, the origination of 

* A lecture presented at the Short Course on Pineapple Production, University of 
Hawaii, 1922. 

+ Improvement of Plants Through Bud Selection, pub. by the Experiment Station, 
H.S.P.A., 1921. 



1?9 


new varieties. I will use it here to define the amelioration of established varieties 
as well as to include the origination of new varieties from bud variations. From 
my experience in plant improvement work I have concluded that from the com- 
mercial point of view the amelioration of valuable established varieties is equally 
important, if not actually of much greater importance, to the origination of new 
varieties whether they arise from bud or seed variations. 

In order to illustrate my point of view on the subject of the amelioration of 
cultivated varieties, which are commonly prop.agated from vegetative parts, I will 
try to describe yery briefly some recent important work of this nature. 

At the I'lah Agricultural l^xperimcnt Station systematic hill selection work 
with potatoes has been underw^ay since 1911. It was found that in studying the 
l)rogenies of selected hills some of the i)rogcnies sliow'ed increased production as 
compared with the progenies of other hills or in comparison with crops grow^n 
from unselected stock. Ily continuing for several years the selection of the best 
hills in the best i)rogoiiies, it has been demonstrated that the yield of the variety 
can be markedly increased in amount and improved in commercial quality. There- 
fore the culture of the variety can be made more profitable to the growler through 
systematic bud selection w'ork. 

In a comparative trial during F^21 of selected ])otato ])lant material with 
imsclected stock, in Southern C‘alifornia, of the same variety and under similar 
conditions, the crop from the hills of selected plant mnterial ])roduced an average 
of 175 sacks per acre, while the cro]) from the unselected ])lant material w^as onI\' 
an average of 35 sacks ])er acre Xot only was the crop from the hill-selected 
j)lant material much larger than that from the unselected stock, l)ut it was also 
much more uniformly valuable in size of tubers and other important commercial 
characteristics. 

( )ne of the largest and most successful ])otato growers in the United States 
lias told me that he has increased the \ield of the variety of ])otaloes wdiich he 
cultivates more than ICO per cent through systematic hill selection work and has 
improved the commercial (luality of the cro])s in like measure as a result of ten 
years of bud selection w'ork. 

In apples, the Agricultural Ex])eriment Station located at ()ttaw^a, Canada, 
has recently rej)orted most interesting and important results of bud selection wmrk. 
Briefly, i)ropagations w’cre made from three selected i)arcnt \\ ealthy trees. The 
selection of the parent trees wxis based ui)on performance records. One of the 
parent trees was a consistent and regular high yielder ; another w\as a high yielder, 
but produced irregular crops, high yields alternating wa’th comparatively low 
yields; and, the third parent tree produced consistently and regularly low^ yields. 
No differences in strain or type characteristics w^ere or have been noticed in these 
three trees to my kncnvledge, excei)t that the high and regular yielding parent 
tree show^ed the greatest vigt^r of growth and largest size. 

During nine vears of performance records of the progenies, originally con- 
sisting of twenty-five trees each, of the three j)arent trees, it has been demonstrated 
that the progenies have behaved almost identically the same as the parent trees. 
Certainly, no clearer evidence has ever been offered as to the inheritance of yield 
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characteristics than has been the case with this Canadian apple bud selection 
investigation. 

In the citrus varieties grown in California niy associates and I have just com- 
pleted thirteen years of study of bud variations and^bud selection problems. Vari- 
ous bulletins on this citrus fruit improvement work have been issued from time 
to time by the C. S. Department of Agriculture at Washington, D. C., which can 
be secured for study if desired. 

Briefly, our investigations have revealed the fact that bud variations are com- 
mon in the citrus varieties. The intentional, but more often the unintentional, 
propagation of these variations has led to the development of numerous strains 
having very different characteristics of tree growth, vegetative and fruit charac- 
teristics. Through progeny tests it has been found possible to isolate, by means of 
systematic bud selection work based upon adequate individual tree performance 
records, the different strains. In this way it has been possible to eliminate the 
undesirable and to propagate exclusively the desirable strains. Furthermore, in 
these strains it has been found possible to secure high yielding progenies from 
some of the highest yielding trees, and low yielding progenies from some of the 
low yielding trees, indicating that number or amount of fruits is a characteristic 
subject to bud variation and responding to bud selection in the same way that 
color, shai)e, and other fruit characteri.stics respond. 

In our citrus work the improved production, both as regai ds the amount and 
the commercial quality of the orchards in which the trees have been grown from 
carefully selected buds, as compared with the yield of orchards of the same variety 
and under similar conditions where the trees were grown from unselected buds, 
amounts to more than 100 percent so far as our records go. As a result of this 
condition, the citrus bud selection work has been put on a commercial basis by the 
California Fruit Growers’ Exchange, a cooperative organization of about ll.OO^J 
citrus growers, in such a way that all citrus growers and nurserymen can secure 
buds taken from superior parent trees of the best strains in all of the commercial 
varieties. This work was established in May, 1917, and up to December, 1921, 
had sold to nurserymen and fruit growers more than 1,6.SO.OC)0 selected citrus 
buds at the rate of five cents each. The .selected buds sold to nurserymen have 
been generally used in the propagation of new trees, while those sold to fruit 
growers have ordinarily been used for top-working undesirable trees in estab- 
lished orchards. The charge for the buds is based upon cpst and has made this 
public service work self-supporting from the beginning. In addition to the 
number of .selected buds mentioned above, used in California citrus orchards, the 
writer and his associates distributed over 1,000,000 selectee} buds previous to the 
establishment of the bud department by the Exchange, and many growers select 
their own buds from superior performance record trees for top-working or other 
purposes. 

In prunes, my associates and I have made some study pf bud variation with 
trees of the French prune variety in California during thcipast three years. It 
has been found that the trees of this variety of -deciduous frijits develop very strik- 
ing bud variations. Strains of this variety, originating as' bud variations exist, 
as in the case of the citrus, and possess very different tree and fruit characteristics. 
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At least one very striking variation has l)een found, which, if the progeny tests 
now under way show it to be inherently stable, will probably double the value of 
the crop. 

In ornamental plants, many of the most commonly used plants are known to 
have originated from bud si)orts. 

In flowers, many of the most important varieties have come from bud vari- 
ations and have been systematically improved through bud selection work. l>y 
referring to the history of the imi)ortanl* rose varieties as given in recent numbers 
of the American Rose Annual, some idea can be gained as to the importance of 
bud selection with cultivated flowering i)lants. 

With several associates in the ILxperiment Station (^f the Hawaiian Sugar 
Planters’ Association, we are now studying the im])rovement of sugar cane varie- 
ties through bud selection. Hiis work is being carried on by means of progeny 
tests of selected stools in each of the commercially important varieties. While it 
is not possible to discuss in detail this work at this time, J do not hesitate to ofifer 
the opinion that through bud selection sugar cane varieties can be improved in 
yield of sugar per acre as much as and perhaps more than has been the case in my 
ex])eriencc with other croi)s. 


MkT lions OK W'ouK. 

Idle methods of work in bud selection which are fundamentally im])ortant 
from my point of view' include ( 1 ) selection of ])arent ])lants, (2) jirogenv tests, 
and (3) multiidication of valuable progenies. 

In the selection of parent plants, it is first necessary to become familiar w'ith 
the plant characteristics and behavior through systematic ])crformance record 
studies, to develop standards for a comparative study or judging of plant cliarac- 
teristics, and to study the behavior of a large number (d individuals under favor- 
able cultural conditions. My experience leads me to suggest that best results can 
usually be expected in commercial bud selection work for the improvement of a 
variety of cultivated j^lants by securing the best fields under the best of cultural 
conditions for this wairk. An exception t(^ this general statement shcnild be noted 
in the case of eflPorts to secure resistance to disease, drought or other environ- 
mental factors, in w'hich event it seems logical that the best results wn‘11 be ob- 
tained by selecting jiarent ])lant.s for progeny tests from the fields affected by 
disease, drought or other condition for w Inch resistance is desired. 

As large a number of carefully selected ])arcnt ])lants shtuild he used in progeny 
tests as it is possible to handle intelligently. In the propagation of the selected 
])arcnt plants as many individuals as jiossible in each progeny should be grown, 
d he number of individuals in each jmygeny w ill depend upon many factors, as, 
for example, the amount of propagating material available from each the 
])arent plants, the space available for the progeny trials, and the time and as- 
sistance which can be given to the study of the j)rogeny behavior. 

The conditions in the progeny fields (1) should be favorable to the best 
growth and development of the plants, (2) should be as uniform as possible in 
all respects, and ( 3 ) should receive the best care throughout the entire history of 
the progeny tests. Similar plant material should be used from each parent plant, 
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as, for example, slips in the case of the pineapple, although it is not important in 
my opinion as to whether the same number of plant pieces or buds be used in 
each case, and thej)lant material shbuld be equally spaced and given comparatively 
uniform conditions throughout all of the progeny plantings. 

The important fact to get in mind in this connection is that the progeny lest 
is a method, the most efficient one with which I am familiar, of testing the sta- 
bility of the inherent characteristics of the parent plants. 

The progeny of each parent plant must be arranged so that it can be identi- 
fied at any time. This can usually be done by driving in stakes in the plant row 
so as to separate the progenies. These stakes should be (1) sub.stantial, (2) 
driven firmly into the soil, and (3) located where they will not be disturbed or 
lost during cultivation. Other methods of separating tlie progenies are being 
tried out, but the stake method, if })roperly used, will answer the purpose. 

When the progeny plants have reached maturity, and during the course of 
their growth, the progeny field should be freciuently studied with the greatest 
possible care. If some progenies are found which are comparatively tinifonn 
and desirable, the best individuals in these best ])rugenies should be selected for 
])rogeny tests in an additional progeny field. The remaining plant material from 
the good plants of the best progenies can be used for commercial jdanting. 

Suggestions for Pine-apfle Proc.eny FiEt.ns. 

I have had but little opi)ortunity for studying the pinea])plc. It has been 
my privilege to spend several days in pineapple fields when the plants were either 
approaching or had reached maturity in the sense that the fruits were nearly or 
quite ripe. In walking down the rows and observing the fruits 1 was greatly 
im])ressed by differences in size, shape, color, maturity, jjosition, and other char- 
acteristics of the fruit. Similar observations as to plant behavior revealed to me 
wide and frequent variations in the habits of growth, leaf characteristics and 
size of neighboring plants in the same row. Obviously there was a large anu'unt 
of variation in the plants and fruits which I observed, but whether these differ- 
ences were inherent or the result of environmental influences 1 was unable to de- 
termine. I do not know the cause of the variations that I observed in pine- 
apple fields and of those variations that doubtless occur in other fields. My sug- 
gestions as to the method for achieving this knowledge will be briefly stated in 
the following paragraphs. 

In the first place we are dealing with one variety, as I understand it, the 
Smooth Cayenne. ' In the second place we are studying in the fields plants grown 
from vegetative plant materials. In some fields the plants may be grown from 
suckers, in others from slips, in others from crowns, in others from ratoon 
crops with one or more stages of ratooning. It would seem logical to begin 
this bud selection work if possible in plant fields and wherever practicable in fields 
where the plants have been grown exclusively from slips, or from crowns, or 
from suckers, as the case may be. The idea is to get away, so far as possible, 
from the effect, if any, of the kind of plant -material upon plant development, 
although I am not certain as to the importance of this factor in the case of the 
pineapple. 
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From my experience with other similar work the best fields, that is the best 
crops, should be selected for beginnitif? this work unless resistance is sought 
which is a somewhat separate problem. 

Standards of perfection, particularly in the case of the fruits, should be de- 
veloped in order to make intelligent ])arent plant selections for progeny trials. 
The canners and others having well defined ideas as to the requirements for 
desirable fruits should be called upon for helj) in establishing these standards. 

With regard to the fruit characteristics, the standards of i)erfection might 
include a consideration of (1) size, (2) wciglit, (3) shaiie, (4) canning quality, 
(5) crown, (6) maturity, (7) color, or other recognizable characteristics. Per- 
haps wax or wooden models of the ideal fruit which can be carried easily in the 
fiehl, would be of considerable assistance for comparison with fruits observed in 
the field. 

When fruits are found which are satisfactory the jilants bearing them should 
be observed for several important characteristics, including the following: (1) 
habit of growth, (2) number of slijis. (3) number of suckers, (4) vigor of 
growth, (5) freedom from disea.se. and jicrhaps other important considerations. 

In passing it may be noted tliat even if tlie fruit is nearly perfect, if there 
are no slips or suckers, or an insufficient number of either, the plant would be an 
undesirable otie for commercial jntrposes as a parent ])lant for jirojiagation. 

If satisfactory fruits and plants are discovered, and there seems to be no 
(|Ucstion but that many such exist in some fields, these ])lants should be marke<l 
as parent plants for progeny trials. A red cloth streamer tied to such plants 
will serve to identify them for this purpose. 

When the slips are ready to be taken from the i)lants for pro])agation they 
can be secured by placing all of the slips from a single ])lam in a .separate ba,g. 
Common paper bags may be found suitable for this purpose. The main point is 
to keep the slips from each selected parent jdant se])arate. d’wo or three slips 
from each selected ])lant is a miiiimum number, and the more slips available on 
each plant the more reliable and valuable the progeny test will be. in my opinion. 

The best of field and cultural conditions should be provided for jdanting the 
l)rogenies. If these conditions cannot be met. the work will, in my opinion, 
likely jirove to be unsatisfactory. 

In plantin.g the progenies enough suitable, large, stakes should be provided, 
one for each progeny, before planting is be.gun. Drive in a .stake at the beginning 
of the first row. Plant the slips from one jiarent i)lant. Drive in a stake. 
Plant the slips from another parent plant. Continue this arrangement until all 
of the progenies are planted. 

It has been foutid that in going from one row to another, at the ends of the 
rows it is u.sually desirable to finish a row then to cross directly to the next row 
and plant back, the so-called .snake fashion or arrangement of planting. 1 here 
are several advantages to this plan, including ease in the study of the behavior 
of the plants in the progenies. With this arrangement one follows a row to the 
end of the ])rogeny field, crosses to the adjoining row and follows it back, and so 
on until all of the progenies are seen in order. It will help somewhat to paint 
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one side of each stake, say white, so that one can always easily follow the rows 
in the same order in which the progenies were planted. 

During the growth of the progenies their behavior should be observed from 
time to time in order to gain information as to possible progeny differences 
in plant growth. 

When the fruits borne by the progeny plants approach maturity a most 
careful and systematic comparison and study should be made of the plants an{l 
fruits in each progeny, from the standpoint of uniformly good or bad or variable 
behavior of the plants in each progeny, and from the viewpoint of the behavior of 
each progeny as compared with others. 

Commercially, the progenies with uniformly good fruits and plants are the 
ones to be considered of more than ordinary value for propagation. 

The uniformly good characteristics of all of the fruits and jdants within a 
progeny indicate to me a condition of inherent stability which is of primary and 
fundamental importance for the isolation of strains which will produce uniformly 
good crops. 

Extreme variations amongst the fruits or plants in a progeny indicate to 
me a condition of inherent instabiltity which is undesirable for the commercial 
production of the maximum number or weight of uniformly good fruits. These 
progenies, the inherently unstable or undesirable ones from any cause, shouKl 
not be used for further commercial propagation or planting. 

The progeny te.st will enable the grower to isolate and j)roi)agate the sujicrior 
.strains and to eliminate the inferior ones. 

OiTAi.TKic.vnoNs FOR Sfccussi't'L T.i:u Ski.ixtion Work. 

May 1 suggest what, in my opinion, are the essential qualifications for per- 
sons engaging in this work? It is new work, pioneer effort, and for this reason, 
if for no other, it calls for somewhat unusual qualifications on the part of those 
who undertake it. There arc no well defined ^roads to follow, so that whoever 
takes up this work must, in part at least, make his own road. 

I can summarize the qualifications which 1 have in mind under three general 
heads, viz; (1) capacity for sustained effort, (2) intimate knowledge of the 
plant, and (3) ability to observe and draw correct conclusions or judge as to in- 
dividual plant and progeny behavior. 

The capacity for .su.stained effort is rare, but is absolutely es.sential for suc- 
cess in this work. Discouraging accidents, puzzling plant behavior, skeptical 
onlookers, and critics, and many other inevitable incidents and drawbacks will 
soon eliminate all those who undertake this work except those who have the 
capacity for sustained effort. This phase also includes a determination to find 
out the facts and a sympathetic point of view. It further means hard work 
and lots of it, concentrated effort and good physical and mental conditions. 

By the term “intimate knowledge’' is meant that knowledge that comes from 
close association with and love for the plant with which one works. The term 
“experience” does not cover the meaning intended, although intelligent experi- 
ence is an essential part of it. One may not have this intimate knowledge in the 
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l)eginiiing, but one must develop it as the work progresses or it is doomed to 
failure. 

The ability to oI)serve and to deduce correctly from observations varies 
with individuals, their training and environment. It can be cultivated. Pre- 
conceived notions and prejudice must be eliminated so far as ])ossible. The 
plants must be judged on their merits and as they stand. 

The above statements have been directed towards those who do the actual 
bud selection work. I may also be permitted to suggest what 1 consider to be 
important factors of success in the work on the part of those who own or 
operate the ])ineai)])Ie jdantations. 

In the first place I suggest that unless it is firmly l)elievcd that this work 
will be of greater value than its cost, no attempt Ije made to undertake it. In 
the .second ))lace, unless it is decided to carry it out under favorable conditions, 
no atlemj)t should be made to start it. 

If it is believed to be fundamentally important that selected ])lant material 
be securetl and that favorable C(>nditions can be given it. 1 would respectfully 
recommend, ( 1 ) that some one having the essential (|ualifications for this work 
or who can develoj) them be put in charge of it; (2) that the person in charge 
of this work be encimraged by helpful suggestions, active ])ers()nal assistance 
when ])ossil)le or needed, and be given his entire time to it; (5) that the coop- 
eration of all of the plantation organization l)e used in this work, (a helpful 
method of finding sujierior jdaiits may be the offer of ])rizes for the best plants 
found by any of the laborers on the ])lantati('n ) : (4) the ])ro\ision of ade(|uate 
time to develop fully the possilnlities of this work without interruption so far as 
this is humanly possible. 

W hen superior ])rogenies are found tliey sluudd he multiplied as rapidly as 
possible for ])lantati(Mi use. All of the plant material, possibly excelling that 
from one or a few plants h r further progeny work, can l)e used for this ]nirpose 
so far as 1 am able to judge at this time. It may be possible, through new methoil^ 
of ])ro]tagation to multiply the valuable progenies very mucli more quickly than 
is ordinarily the case. W e have now in process of trial new methods of niulti- 
])lication of valuable citrus and deciduous fruit progenies which promise to in- 
crease enormously our capacity for multiplying rapidly valuable trees. 

Conclusion. 

In conclusion T want to thank you for your kind attenticai to, and considera- 
tion of my presentation of this subject. It has been ina(VM(uately done on account 
‘ f my igiKwance of the pineapide plant. My one ho])e is that 1 may have stim- 
ulated in some one amongst my hearers an interest in the subject which will lead 
to a constructive effort along this line. I shall be very glad indeed to cooperate 
so far as I am able in any earnc.st and determined study of this very important 
subject. 
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The Absorption and Interaction of Fertilizer Salts and 
, Hawaiian Soils. 

Preliminary Report. 

By Guy R. Stewart. 


iNTkOmCTIOX. 

When fertilizer salts are applied to the soil the farmer is primarily inter- 
ested in obtaining;' a profitable increase to the crop he is raisinj>’. He hopes that 
the nitrogen, potash and ])hos])horic acid that he jnits on the land will be directly 
returned to him in corn, jiolatoes or maybe tobacco if he happens to 1 k' on the 
mainland of the Hnited Slates. If he is a plantation man on these islands he 
looks for his increase in sugar. 

It was early found in the study of .soil fertility that fertilization was not 
alone a simple problem of feeding the plant with certain nutrients. The effect 
of these soluble fertilizers upon the soil itself luul to be considered, bdrst an»l 
foremost there was the ciuestion of the retention oi the salts within reach of the 
feeding roots of the crop. Justus Idebig (4) who was probably the first to 
consiiler manufacturing an artificial fertilizer tried to i)revcnt all loss of plant 
food by fusing his fertilizer into an insoluble silicate. 'Hie e\i)eriment was an 
< minent success in locking up the fertilizer nutrients so they would not be leached 
from the soil, but was eciually effective in ])reventing the ])1ant from obtaining 
any of the salts. Shortly after J. T. Way (7) made the first contributions to 
our knowledge of the fixing power of the soil. His investigations and numerous 
later studies have shown us that ammonia, potasli and ph(\sphoric acid are fixed 
by the soil. The completeness of the fixation depends largely upon the type of 
soil. Detailed experiments shewed that the clay fraction of the soil was the 
portion which principally fixed fertilizing materials though organic matter also 
possessed considerable absorptive power for ammonia. 

Several investigations have been made upon the fixing power of our Hawaiian 
soils. W. T. McGeorge (5) at the Federal Station carried out a series of studies 
upon several typical island soils. He placed 100 grams of each soil in a series 
of glass tubes and determined the retention of a variety of fertilizing salts when 
passed through the soil in an aqueous solulion. His results showed a very high 
fixing power for phosphates and a considerable retention of potash and ammonia. 
He obtained some slight evidence of the fixation of nitrates though these salts arc 
ordinarily considered to be completely washed out of the soil. 

C. F. Eckart (2) and S. S. J^eck (6) of this Station have re]M)rled a series 
of lysimeter studies. In the first group of experiments reported by Mr. Eckart, 
tankage, fishscrap, hoofmeal, nitrate of ?oda, sulfate of ammonia and dried 
blood were each added to large lysimeter tuba^, holding 188 pounds of soil, with 
a depth of 14 inches of soil in the tub. Uniform applications of 16.3 grams cf 
nitrogen in each form were made. This application would correspond to about 
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575 pounds of nitrogen on an acre basis. The soils were then watered at inter- 
vals and the nitric nitrogen leached out in the drainage water was determined. 
A later scries dealt with the effect of various forms and amounts of lime upon 
the soil. 

The efificiency of conversion of these organic forms of nitrogen into nitrates 
was largely judged by the amount of nitrates recovered in the drainage water. 
With this shallow depth of soil it was concluded that nitrogen from nitrate of 
soda was rapidly washed out. 

]\Ir. lA*ck s experiments were reported in two series, one of which dealt with 
the effect of various forms of lime u])on the formation of nitric nitrogen. The 
other considered the effect of various fertilizer salts, both alone and in combinat- 
ion, on the formation of nitric nitrogen, in an alkaline makai soil from a district 
of limited rainfall. The soils in these ex])erimenls were treated in cylinders two 
feet deep and eight inches wide. The fertilizer salts were added at the rate of 
100 ])ounds each of nitrogen, i)otash and phosidioric acid per acre foot. The 
]n*incii)al object of the experiment was to determine the effect of the single salts 
and combination of salts upon nitrification. X'aluable data, however, were ob- 
tained upon the fixing iKuver of the soils. All the phosphoric acid was com- 
pletely fixed and the greater iiortion of the potash was also retained. There was 
also an a]>precial)le retention of nitrogen from both sodium nitrate and calcium 
nitrate as well as from ammonium sulfate. 

Ileside the (|uestit n of the retention of the fertilizer salts in the soil there 
has been a c(uistantly increasing interest de\ eloped as to the final effect of solu- 
ble materials upon the ])h^^ical, chemical, and biological cfuidition of the soil. 
ScN'eral <le finite chemical interchanges take place immediately afier a fertilizer 
is added, The ammonia radical of any ammonium salt is fixed in the soil ^'diile 
a corresponding amount of lime is freed and ]Uisses ( ut in the drainage water 
along with the acid radical with which the ammonia salt was originally com- 
bined. The absorption of ]K)ta'>h follows the same general scheme. The potash 
is fixed and the’lime is liberated along with the chloride, sulfate or nitrate which 
was combined with the ]:)otash. Soluble phos})hates are fixed in the soil by the 
calcium, iron and aluminum of the surface soil without any determinable libera- 
tion of bases. 

It will be seen from the above interactions of fertilizers and soils that the 
direct effect of the fertilizer is to leave an aj)preciable amount of soluble lime 
salts to be washed out of the .soil. With the continued a])plication eff sodium 
nitrate it has been found at Rothamsted that there is a tendency for the accu- 
mulation of alkaline residues in the soil, leading to the eventual f(wmation of 
some sodium carbonate. This was .shown by chemical examinations of the soil 
and by the very pasty, puddled physical cemdition of the sodium nitrate plots. 

W. r. Kelly (3) has worked extensively in California upon the effect on 
citrus trees of continuous irrigation with waters of varying quality, as well as the 
effect of the use of sodium nitrate as a fertilizer. He has found considerable evi- 
dence of the harmful effect of salty and alkaline waters, but is not certain that 
the alkalinity of the vscil has been increased by the sodium nitrate of itself. 
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Here in the flavvaiiaii Islands we are following* a system of continuous 
heavy fertilization upon the cane land. On the more favorably located planta- 
tions it is customary to apply about a thousand pounds of complete fertilizer 
containing from (lO to 100 pounds of phosphorc acid, 100 to 120 pounds of 
nitrogen, and 30 to 100 pounds of potash. The se^bond season from 75 to 150 
pounds of nitrogen are applied ; usually in the form of nitrale of soda. There 
is no present superficial evidence that this system of fertilization is producing 
any harmful results. In fact the writer believes that it is, on the whole, a very 
desirable system for the i)lantation to follow. It becomes important, however, 
for us to try to find how eificiently these nitrogen dressings, such as nitrate of 
soda, are retained 1)y the soil. It is also desirable for us to know whether there 
is a tendency for nitrate of soda and our mixed fertilizers to produce an alkaline 
condition such as is indicated by the Rothamsted experiments. 

Rktkntion of Nitroofn Salts. 

The work of 11. 1\ Agee ( 1 ) and others at this Station have shown that the 
majority of the cane roots are located in the lop two feet of soil, but j^art of the 
roots in deep vS(^il extend down to a deiUh of about four feet. The retention of 
nitrogenous salts in four foot columns of soil was first determined. (ialvanized 
iron cylinders four feet long and eight inches wide with a finely i)erforated bottom 
were em])loyed in this i)()rtion of the work. The lower lialf of each cylinder was 
filled with sul)soil and the ui)])er half with surface soil. 

I'our soils were used: 

1. A reddish calcareous soil from the Puuloa section of I lonolulu Plantation. 

2. A (lark red manganifenms soil from the upper fields of Oahu Sugar 
C\)nipany. 

3. A dark red soil from tlie niauka fields of Waialua Agricultural Coiui)any. 

4. A brown silty clay loam from Waipio substation. 

It will be seen that the samj^jles included two soils that were fairly typical 
of many of the mauka soils on the island of Oahu. One of the makai soils, from 
Waipio substation, is similar to that occurring in many of the productive lower 
fields of Ewa and Oahu plantations. The other makai soil from Honolulu 
plantatiom was chosen because of its high lime content, to try to determine 
whether there would be a tendency for the interaction of sodium nitrate with the 
calciuni carbonate of the soil to form sodium carbonate. 

The nitrogenous salts employed were ammonium sulfate, sodium nitrate and 
ammonium nitrate. Each of these was added in chemically equivalent amounts 
so as to add nitrogen at the rate of 155 pounds of nitrogen to the surface foot, 
equivalent to an application of lOOO pounds of nitrate of soda per acre. 

The salts were applied and a two and one-half inch irrigation with tap 
water was first made. This water contained a moderate concentration of total 
salts. The loss of ammonia, nitrates and nitrites in the drainage water was 
then determined. I'ollowing this three more irrigations were given at two week 
intervals, one with two and one-half inches of water and a third and fourth 
with five inches. 



189 


Under field conditions the plant rapidly absorbs the nitrogenous dressings. 
The purpose of the experiment here was to find the amount of nitrogen that would 
be lost in a moderate number of irrigations, before the plant would probably have 
a chance to absorb all the fertilizer. This would also be comparable to the effect 
of several moderately heavy rains on unirrigated plantations. 

Upon analysis of the solutions that percolated through the soil it was 
found that there were no appreciable amounts of ammonia or nitrites leached 
out from either the treated or untreated soils. Small traces were ])resent in all 
the solutions. The nitrogen was not removed from the soil in significant amounts 
until it was converted over to nitrates. This is clearly shown by the analytical 
results in Table I. There was practically no added nitrogen removed from 
the ammonium sulfate treatments by the first and second irrigations. Then the 
formation of nitrates began to be appreciable and nitrates were removed by 
the last two irrigations. The results show that it is comparatively safe to use 
i^ny of the three forms of nitrogen salts upon the Island soils. 

The retention of nitrates will vary with the type of soils, but with soils of 
average de])th we may be reasonably sure that the greater ])art of a nitrate ap- 
])lication either as nitrate of soda or ammonium nitrate will* not be washed out 
by any ordinary rain, or the usual irrigations, before the cane has a chance to 
absorb it. 


TABLE I 

LOSS OF ^JITROGENOrS FERTILIZERS FROM FOLR-FOOT SOIL COLUMNS 
Results Expressed in Milligrnms of Nitrogen 


Number 

Amt. 

HONOLUTAI PLANTATION 

j OAHU SUGAR COMPANY 

of 

of 


Red Calcareous Soil 



Red Mauka »Soil 


Trriga- 

Irriga- 


1 Ammon. 

Sod. 1 

Ammon. 


Ammon. 

Sod. 

Ammon. 

tioii 

lion 

; Blank 

Sulfate 

Nitrate j 

Nitr. 

Blank 

Sulfate 

Nitr. 

Nitr. 

1 

2.5 in. 

Its. 7 

40.2 

I 49.2 

51.1 

89.7 

90.5 

92.4 

103.0 

2 

1 2.5 in. 

I 22.5 

25.2 

11. 1 

28.6 

41.7 

45.2 

69.0 

51.6 

3 

1 5.0 in. 

1 158.3 

i 165.2 

1 160.7 

164.2 

194.4 

210.2 

229.0 

234.0 

4 

5.0 in. 

! 713.0 

1 890.0 

j 467.0 

868.0 

464.0 ’ 

575.0 

583.0 

1 

504.0 

Total loss 1 

932.5 

i 1,120.6 

688.0 

1,111.9 

789.8 

920.9 

[ 973.4 

892.6 



! 

932.5 

9.32.5 

932.5 


789.8 

' 789.8 j 

789.8 

'N'fif lOMR 


1 

18S.1 

0.0 

179.4 


1 131.1 

183.6 i 

102.8 

Nitrogen added..! 

••• 

563 

1 563.0 

563 

i 

1 

5()3 

5<)3 0 ; 

563 

Per cent lost . . . . ' 

1 

;i 

33.4 


31.8 

I 

j 

i 23.3 

32.6 ' 

18.2 
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Number 

of 

Irriga- 

tion 

Amt. 

1 

Irriga- , 
! tiou I 

WAIALUA AGBICULTPBE CO. 
Bed Mauka Soil 

WAIPIO SUBSTATION 
Brown Clay Loam 

1 1 Ammon. 

I Sulfate 

' • [ 

Sod. 

Nitrate 

Ammon. 
Nitr. 1 

1 

Ammon. 

Sulfate 

Sod. 

Nitrate 

Ammon 

Nitrate 

3 

2.5 in. 

140.0 142.0 


351.0: 

35.9 

30.6 

53.0 


2 

2.5 in. 

f53.8 ! <35.2 

00.9 

67.3 

20.7 

28.2 

40.9 


3 

5.0 in. 

266.8 301.0 

322.7 

311.5 1 

124.3 

155.0 

186.8 


4 

5.0 in. 

584.0 i 702.0 


569.0 1 

450.0 

523.0 

513.0 

! 


Total loss * 

1,0.54.6 ! 1,210.2 

3,253.6 

1,088.8 

642.9 

742.8 

793,7 

720.1 



; 1,054.6 

1 

1,054.0 

1,054.0 


642.9 

042.9 

042.9 

Npt loss 


155.0 

199.0 

34.2 


100.9 

150,8 i 

87.2 

Nitrogen added.. 

j 503.0 

503.0 

563.0 


563 

563 1 

503.0 

Per cent lost .... 

1 

27.0 

35.3 

6.0 ' 

1 


17.9 

26.8 ! 

1 

15.5 


Localization of Nitroofnoi'S Applications. 

It is of decided interest to know just where the various niirojjcnons salts 
leml to be held in the soil after a heavy rain or irrigation. We have seen that 
only a moderate part of any of the three under investigation is actually carried 
out of the soil. This docs not, however, .show just where the greater part of the 
salt will he held. The same applications of each salt, that is to say 563 milligrams 
of nitrogen, representing a fertilization of 155 pounds per acre, were added to 
cylinders of the same soils. One five-inch irrigation with tap water was made 
and the percolate analyzed as befewe. Less than five per cent, of nitrogen from 
nitrate of soda or ammonium nitrate was carried out of the soils and none of 
the nitrogen from the ammonium sulfate. 

The soil was now removed from each cylinder in one foot sections and in 
the ammonium sulfate cylinders the top six inches was also analyzed separately. 
.Samples of each section of soil were now shaken with distilled water; and am- 
monia, nitrites and nitrates determined in the water extracts. The analysis of 
these extracts and of those from the soils treated with mixed fertilizers was made 
by F. Hansson of the Chemi.stry Department. The analytical results are given 
in Table 11. The results for ammonia nitrogen clearly show that with the high 
fixing power of the Island soils, it has not been possible to extract more than 
a portion of the ammonia compounds present. The figures do show, however, 
that the ammonia of the ammonium sulfate and nitrate was fixed in the top 
foot of soil. The nitrate of both the nitrate of soda and ammonium nitrate was 
held in general in largest amounts in the second, third and fourth foot. It was 
still within the feeding zone of the cane plant and would undoubtedly tend to 
be carried back towards the first foot by the rise of capillary moi.sture. 
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TABLE II 


LOCALIZATION OF NITROGENOUS SALTS IN FOUR-FOOT COLUMNS 


Soil 

Ammonium Sulfate 
Parts per Million Dry Soil 

Sodium Nitrate 

Parts per Million Dry Soil 

1 Ammnium Ni 

j Parts per Million 

trate 

Dry Soil 

i 

! Nitrate 
' Nitrogen 

Honolulu 

Plantation 

Ammonia 

Nitrogen 



Nitrite 

Nitrogen 

Nitrate 

Nitrogen 

Ammonia 

Nitrogen 

Nitrite 

Nitrogen 

Nitrate 

Nitrogen 

|Ammonia 

Nitrogen 

Nitrite 

Nitrogen 

Ist 6 in.. . 

12.2 

1.02 

23.0 

) 






2nd 6 in.. 

8.0 

0.02 

15.0 

1 

0.02 

8.1 

5.9 

0.69 

20.7 

2nd foot.. 

0.2 

0.01 

46.8 

8.0 

0.01 

71.6 

i 4.0 

0.02 

111.2 

:ird foot . . 

4.1 

0.01 

101.1 

4.0 

0.02 

104.1 

1 4.1 

0.02 

136.2 

4tli foot . . 

2.2 , 

0,01 

35.0 

3.3 

0.02 

116.4 

4.2 

0.01 

163.9 

Oahu Soil 








1 

j 


Ist () in.. . 

19. ,3 ! 

0.17 

146.5 

) 




i 






1.5 : 

0.02 

24.2 

9.5 

0.04 

26.7 

2nd 6 in.. 

4.0 1 

0.01 

30.0 

1 i 






2nd foot.. 

2.1 

0.01 ! 

88.0 

1.5 1 

0.02 1 

95.6 

3.9 

0.01 

143.5 

,‘ird foot.. 

2.0 : 

0.01 ' 

79.3 

1.2 ' 

0.01 

85.7 

1.9 

0.01 

100.6 

4tli foot . . 

1.0 ! 

1 

0.01 ] 

121.8 

1.1 

0.01 ' 

90.6 

2.0 

0.01 

131.9 

Waialua 





1 





1st () in. . . 

20.5 

0.03 

16.4 [ 

) 



10.4 ! 







1 1.3 

0.01 

28.4 


0.02 

15.6 

2nd 0 in.. 

5.2 1 

0.01 

13.6 i 

1 i 



i 



2nd foot.. 

2.2 1 

0.01 ' 

48.1 

1,7 

0.02 

115.2 

5.3 

0.01 

39.3 

'ird foot..' 

2.1 ' 

0.01 ; 

106.7 

1.2 

0.01 

109.0 ■ 

2.1 

O.Ol 

162.7 

'Ith foot. . 

2.1 

0.02 

170.7 

0.8 

0.01 ^ 

125.3 

2.2 

0.01 

1 

187.3 

Waiplo ' 








! 

1 


1st d in. . . 

S.9 

0.62 

19.5 

) 










4.1 

0.02 

39.4 1 

2.6 

0.05 

28.0 

2nd 0 in.. 

3.6 

0.09 1 

22 . 3 

1 






2nd foot.. 

9.1 1 

0.03 1 

32.0 

4.2 ; 

0.01 

1 

46.5 

2.7 

0.01 1 

52.2 

:ird foot.. 

3.7 

0.01 

29.9 

1.2 ' 

0.01 1 

50.4 

1 

1.8 

0.02 ! 

47.7 

4th foot..| 

3.8 

0.01 1 

37.7 

1.0 j 

0.01 i 

33.2 ) 

2.8 

0.1 j 

43.8 


Intkraction of Soii.s and Nitrogfnous Salts. 

The next study undertaken was the determination of the solubility effect 
of the three nitrogenous salts upon the same four soils. The salts were added 
to half -gallon jars of soil which was at the optimum moisture content. The 
mixture was allowed to stand about three days to give time for the first effects 
of solution to take place. Portions of the soil were then extracted with water 
and analyzed for ammonia, nitrates, nitrites, ])otash, calcium, magnesium, phos- 
phates and total solids. The results are given in Table 111 and arc compared 
with a similar analysis of the untreated soil. 

• The detailed results show a number of interesting facts. The same dis- 
crepancy between the ammonia salts added and the amount recovered by ex- 
traction in water is clearly evident. There is a fairly close agreement for the 
nitrates found and known to be present. All the salts show a definite solubility 
effect upon the soil minerals. It is generally considered that sodium nitrate re- 
leases the soil potash when it is applied as a fertilizer. There is no evidence 
that it has done this with the four soils that have been used. In all cases, the 
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potash is lower in the sodium nitrate treatment than in the untreated soil. The 
ammonium nitrate and ammonium sulfate do show this influence on most of 
the soils. All the salts tend to release calcium and magnesium, so it is evident 
that all these materials exert a solubility effect on the soil, but it is greatest with 
the two ammonia salts. 

The effect of all these salts has been determined upon the reaction of the 
soil. An exact electrical method has recently been developed for measuring the 
reaction of soils and other materials in solution. By reaction in this sense is 
meant the intensity of acidity or alkalinity instead of the total amount present. 
Extended investigations have shown that it is this intensity factor which is 
rno'^t important 1o plants and animals. It is usual to express this intensity of 
reaction on a numerical scale upon which tlie neutral point, equivalent to the 
reaction of pure water, is given as Ph 7.0. Numbers less than 7.0 denote 
gi cater acidity, while larger numbers show a more alkaline reaction. 

In the column headed “Reaction IMi*’ it will be seen that the Honolulu 
Plantation soil has a reaction of T^h 8.3. This soil contains over 3.5% of 
lime as CaO, and this reaction indicates that the soil is completely saturated 
with lime. The addition of the sodium nitrate and ammonium nitrate did not 
effect the reaction, while the ammonium sulfate has had its well known effect 
of causing the soil to change faintly towards the acid side. With the other soils 
the ammonium sulfate developed a faint degree of acidity and the other two 
salts caused a slight change towards alkalinity. 1'he effect of this change of 
reaction would have to be studied in the presence of crops before one could 
state that it was likely to be in any way harmful. It is known that the sodium 
nitrate leaves a residue of the sodium ion, or radical, in the soil, while with the 
ammonium nitrate both radicals are absorbed so the soil should later return to 
its former reaction. 

Interaction of Soils and Mixed Fertilizers. 

The immediate solubility effect of two mixed fertilizers was next deter- 
mined. Fertilizer No. I was a phosphate and nitrogen mixture similar to that 
used by several jilantations. It contained lO'/ Potk and 8% total nitrogen 
equally divided into 4% ammonia nitrogen and 4% nitrate nitrogen. Fertilizer 
No. 2 was a complete mixture containing total P:.0., 11% total nitrogen 
subdivided into ammonia nitrogen 4% , nitrate nitrogen 6%), and organic nitro- 
gen 1%. It also contained 6% KoO. 

These two fertilizers were added to half-gallon jars of soil at the rate of 
1000 pounds per acre foot of soil. The determinations of water soluble nutri- 
ents and the change in reaction arc given in Table TV. It is interesting to note 
that though fertilizer No. 1 contains no water soluble potash, there has been 
an increase in this material, owing to the solubility effect of the nitrogen mix- 
ture. Both this fertilizer and fertilizer No. 2 show an appreciable effect of solu- 
tion on the other soil materials as evidenced by the increase in calcium, mag- 
nesium, and total solids. Each of the mixtures showed a slight increase in alka- 
line reaction on most of the soils. It is planned to analyze these mixtures of 
fertilizer and soil after the lapse of several months. 
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Summary. 

1. The retention of ammonium sulfate, sodium nitrate and amnumium 
nitrate was determined in four-foot soil columns of Hawaiian soils of distinct- 
ive types. 

2. Ammonium sulfate was perfectly retained until nitrification took place. 

3. Four irrigations, two of which were heavy, removed from six per cent 
to thirty-five per cent of the added nitrogen dressings. 

4. The ammonia radical was found to be fixed in the top foot of .soil. 

3. The nitrates were largely washed down into the second, third and fourth 
foot of soil by one heavy irrigation of approximately six inches of water. 

6. All the nitrogen salts ^showed some solubility eflfect on the soil minerals. 
There was more effect from ammonium nitrate and ammonium sulfate in ren- 
dering plant food soluble than there was with sodium nitrate. 

7. Sodium nitrate and ammonium nitrate caused a slight increase in the 
alkaline reaction of most of the soils used. Ammonium sulfate showed the 
u^ual slight increase in acidity. 

<S. Mixed fertilizers added to the soil also caused a slight increase in the 
alkaline reaction of the soil and some effect of secondary solubility on the soil 
minerals. 

9. It is jdanned to extend these studies to field soils and cultures with 
sugar cane l)cforc trying to apply them to field practice. 
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Recovery of Sugar from Last Mill Juice. 


By W. R. McAt.i.EP 

the increase in the amount of sugar extracted from cane, resulting 
from the improved mill work of recent years, the question has been brought 
up frequently: How much of the extra sugar extracted is finally obtained in 
the form of commercial sugar? The two principle factors involved in answering 
this question are: Is increased extraction accompanied by an increased deteri- 
oration of sugar in the mill, and what is the value of the last extracted juice? 

With respect to the first of these factors there is no doubt but that some 
loss through bacterial action always takes place and that compound maceration 
increases the length of time juices are exposed to such action. Investigation 
by H. S. Walker ' at Pioneer Mill Company, and by the writer at several other 
factories, has shown that, at least when sound cane is ground, the rate of deteri- 
oration is slow enough so that the loss is negligible during the time necessary to 
complete the milling cycle. Deterioration can and does take place in any material 
that is allowed to accumulate in the mill, juice strainers, etc., thus taking longer 
than the normal time to complete the cycle. High extraction does not necessarily 
increase such losses. Observation has given the writer the impression that more 
often than not the care necessary to secure the high extraction results in cleaner 
conditions around the mill than when mediocre results are obtained. 

The second factor, the value of the last mill juice, depends on the increase 
in purity during clarification and on the molasses forming action of the re- 
maining impurities. The purity of the last extracted juice is considerable lower' 
than the purity of the juices extracted at preceding mills and the difference is 
accentuated with increasing extraction. Doubts have frequently been expresse<l 
as to whether the molasses resulting from last mill juice could be reduced to as 
low a purity as that from the previously extracted juices, and sometimes even 
whether sugar could actually be made from it at all. These opinions have been 
based largely on the fact that the proportion of glucose decreases and the pro- 
jjortion of ash increases in the last extracted juices. While there is but little 
reliable information regarding the molasses forming properties of the different 
impurities, these opinions are not entirely without foundation for glucose doe« 
render it easier to secure lower purity molasses, though undue importance is fre- 
quently given this factor. Analysis of available figures for Hawaiian mills, 
however, does not support these views. Horace Johnson, ^ quoting figures for 
extraction and recovery extending over a period of several years, concludes: 
“These results show that not only the sugar due to increased extraction was 
recovered, but that the quality of the boiling house work has also shown decided 
improvements.” 

1 Record, Vol. XXIV, page 202. 

ZReport of Committee on M.'tnufacture of Sugar. H. S, P, A. 1918. 
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this has never to AtmoMmeA previous to the work here.',,’ 

described. During the latter part of the season of 1921, the writer, assisted by 
il. F. Bomonti and W. L. McCleery, at the request and with the cooperation 
of Kahuku Plantation Company, made a study of the crystallization of sugar 
from last will juice resulting from very low purity cane. The last will juice 
was clarified, evaporated, I)oiIed to a massecuite and the wassccuitc dried in ex- 
perimental apparatus, available through the courtesy of this plantation. The 
work was done under careful chemical control, the analyses including all de- 
terminations that seemed of probable value in interpreting the re'^ults. 


Preliminary clarification studies were made on a laboratory scale, by Mr. 
Bomonti. It was found that a satisfactory clarification, resulting in compara- 
tively clear, well settled juices could be obtained. 1'he desirable reaction cor- 
responded closely to that of most juices. This is a point from one-half to 
three-quarters of the way from the neutral point to litmus to the neutral point 
of j)henolphthalein. In these last mill juices it was at an alkalinity to litmus of 
approximately .012 (Yc CaO). As is usually the case, it could be approximated 
by liming the cold juice to the neutral point to ])henolphthale'in. I'he presence 
or absence of cusheush was found to be a material factor in the possible increase 
in ])urity. The last mill juice after passing the mill screens contained from 
0.7';? to 0.<S% of .suspended solids. This amounted in these dilute juices to 
between 20% and 25% of the polarization, a much larger ratio than in mixed 
iuice where it ordinarily is between a minimum of 2% and a maximum of 7%. 
Passing the juice through 100 mesh screen reduced the sus])ended solids to be- 
tween .12% and .16% and caused an apparent increase in purity of about 3.5. 
i\s no soluble solids had been remo\ed bv this screening the increase in purity 
was apparent only. In reality the purity as ordinarily determined was too 
low because of the efifect of the .suspended matter on the brix determination. 
Removing the coarser of the susj^ended matter before the addition of lime re- 
sulted in a total increase of apparent imrity from 2 to 5 ])oints greater than 
Avhen the screening was done .sub.sequent to clarification. This i)reliminary work 
demonstrated that a much greater increase in purity than anticipated, amounting 
to from 7 to 10 points over the apparent purity of the last mill juice, could be 
secured after a ])reliminary screening and a properly conducted clarification with 
lime. 


Last mill juices were clarified and evaporated to syrup on November 9, 10 
and 11. The quality of the cane ground at Kahuku on these days and the 
extraction and dilution are shown in the following tabulation of figures taken 
from the Kahuku laboratory records: 
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Recovery of Sugar from Last Mill Juice. 


By W. R. McAllep * 

With the increase in the amount of sugar extracted from cane, resulting 
from the improved mill work of recent years, the question has been brought 
up frequently: How much of the extra sugar extracted is finally obtained in 
the form of commercial sugar? The two principle factors involved in answering 
this question are: Is increased extraction accompanied by an increased deteri- 
oration of sugar in the mill, and what is the value of the last extracted juice? 

With respect to the first of these factors there is no doubt but that some 
loss through bacterial action always takes place and that compound maceration 
increases the length of time juices are exposed to such action. Investigation 
by H. S. Walker ’ at Pioneer Mill Company, and by the writer at several other 
factories, has shown that, at least when sound cane is ground, the rate of deteri- 
oration is slow enough so that the loss is negligible during the time necessary to 
complete the milling cycle. Deterioration can and does take place in any material 
that is allowed to accumulate in the mill, juice strainers, etc., thus taking longer 
than the normal time to complete the cycle. High extraction does not necessarily 
increase such losses. Observation has given the writer the impression that more 
often than not the care necessary to secure the high extraction results in cleaner 
conditions around the mill than when mediocre results are obtained. 

The second factor, the value of the last mill juice, depends on the Increase 
in purity during clarification and on the molasses forming action of the re- 
maining imlmrities. The purity of the last extracted juice is considerable lower 
than the purity of the juices extracted at preceding mills and the difference is 
accentuated with increasing extraction. Doubts have frequently been expressed 
as to whether the molasses resulting from last mill juice could be reduced to as 
low a purity as that from the previously extracted juices, and sometimes even 
whether sugar could actually be made from it at all. These opinions have been 
based largely on the fact that the proportion of glucose decreases and the pro- 
portion of ash increases in the last extracted juices. While there is but little 
reliable information regarding the molasses forming properties of the different 
impurities, these opinions are not entirely without foundation for glucose does 
render it easier to secure lower purity molasses, though undue importance is fre- 
quently given this factor. Analysis of available figures for Hawaiian mills, 
however, does not support these views. Horace Johnson,^ quoting figures for 
extraction and recovery extending over a period of several years, concludes: 
“These results show that not only the sugar due to increased extraction was 
recoveretl, but that the quality of the boiling house work has also shown decided 
impfovements.” 

1 Record, Vol. XXIV, page 202. . 

2Report of Committee on Manufacture of Bugar. H. R. P. A, 1018. 



197 


While the figures indicate that the expected amount of sugar has been re- 
covered from the last increment of extraction, so far as the writer is aware, 
this has never been experimentally demonstrated previous to the work herein 
described. During the latter part of the season of 1921, the writer, assisted by 
H. F. Bomonti and W. L. McCleery, at the request and with the cooperation 
of Kahuku Plantation Company, made a study of the crystallization of sugar 
from last mill juice resulting from very low purity cane. The last mill juice 
W’as clarified, evaporated, boiled to a massecuite and the massecuite dried in ex- 
perimental apparatus, available through the courtesy of this plantation. The 
work was done under careful chemical control, the analyses including all de- 
terminations that seemed of probable value in interpreting the results. 

Preliminary clarification studies were made on a laboratory scale, by Mr. 
Bomonti. It was found that a satisfactory clarification, resulting in compara- 
tively clear, well settled juices could be obtained. The desirable reaction cor- 
responded closely to that of most juices. This is a point from one-half to 
three-quarters of the way from the neutral ])oint to litmus to the neutral point 
of phenolphthalein. In these last mill juices it was at an alkalinity to litmus of 
approximately .012 ( '/■ CaO). As is usually the case, it could be approximated 
by liming the cold juice to the neutral point to phenolphthalein. The pre.sence 
or absence of cusheush was found to be a material factor in the possible increase 
in jnirity. The last mill juice after ])assing the mill screens contained from 
0.7% to 0.8% of suspended solids. This amounted in these dilute juices to 
between 20% and 25'/ of the polarization, a much larger ratio than in mixed 
juice where it ordinarily is between a minimum of 2% and a maximum of 7'/.. 
Passing the juice through 100 mesh .screen reduced the suspende<l solids to be- 
tween .12% and .16'/i and caused an apparent increase in purity of about 3.5. 
As no soluble solids, had been removed bv this screening the increa.se in purity 
was apparent only. In reality the purity as ordinarily determined was too 
low because of the effect of the suspended matter on the brix determination. 
Removing the coarser of the su.spended matter before the addition of lime re- 
sulted in a total increase of apparent purity from 2 to 5 jjoints greater than 
when the screening was done subsequent to clarification. This ])reliminary work 
demonstrated that a much greater increase in jnirity than anticipated, amounting 
to from 7 to 10 points over the apparent purity of the bust mill juice, could be 
secured after a preliminary screening and a i)roperly conducted clarification with 
lime. 

Last mill juices were clarified and evaporated to syrup on November 9. 10 
and 11. The quality of the cane ground at Kahuku on these days and the 
extraction and dilution are shown in the following tabulation of figures taken 
from the Kahuku laboratory records; 



TABLE 1. 



Nov. 9 

. 

Nov. 10 

Nov. 11 


Purity First Mill Juice .. 

72.40 

77488 

78.89 


Purity Last Mill Juice . . . 

58.30 

65.60 

64.20 


Dilution 

11.52 

8.28 

8.26 


Extraction 

93.75 

94.23 

94.13 



While none of the cane was of particularly good quality it varied consider- 
ably. The first mill juice from some of it was above SO while in extreme cases 
it was below 60 in purity. 

The milling equipment at Kahuku consists of a three roller crusher, a Searby 
shredder and a nine roller mill 34" x 72". It had been intended to utilize the 
third mill juice resulting from the poorest cane ground, using from 30% to 
35% maceration. The macertion was increased while juice for the first two 
runs was being taken. The desired point, however, was not very closely ap])roxi- 
mated, the maceration being 20%> during the first and 55 during the second 
run. One cell of the cvai)orators was being repaired and the full capacity of 
the remaining equipment was required to evaporate the amount of juice received 
from the mill with the 8% to 10% maceration then being carried. The increased 
maceration during runs 1 and 2 caused delays in the factory operations ; it also 
became evident that the experimental pan used as an evaporator was not of suffi- 
cient capacity to pnKluce the minimum amount of syrup required for a inassecuite 
from juices as dilute as two or three brix, during the time available for this ex- 
periment. For these reasons the maceration was not changed from the amount 
regularly carried when withdrawing juice for the remaining four runs. WJiile 
the greater part of the juice used in this experiment resulted from comparatively 
low maceration, conditions with respect to ])urity were as severe as could be 
desired. The average a])parent purity of the juice taken was ,49.9. According to 
the Kahuku laboratory records the corresponding purity of the first mill juice 
was 67.2. 

The juice was clarified in old inassecuite cooler cars of 90 gallons capacity, 
fitted with cocks for drawing off the settled juice. A portable steam coil made 
of 3/4" pipe was used for heating the juice. This coil was immersed in the car, 
the contents of which were to be heated. Suspended solids in the last mill juice 
averagexl .66%. The juice was passed through a 100 mesh screen previous to 
clarification, reducing the .suspended solids to .20% and increasing the apparent 
purity from 49.9 to 53.3. After this screening the suspended solids were 6% 
of the polarization. The screened juice was limed to a slight alkalinity to phen- 
olphthalein, boiled and allowed to settle. With the exception of run number 4, 
the results were satisfactory. The clarification was good, the settling rapid and 
the average alkalinity was close to .012. The alkalinity was higher than was 
desirable in run number 4. Though the total increase in puritjS'^in this run was 
satisfactory, the increase due to lime was smaller, the settled juice was not clear, 
and there was a tendency to foam during evaporation. 
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An experimental pan of about 35 gallons capacity, was used for evaporating 
and boiling. Vacuum obtained was rather low, seldom exceeding 24". Between 
15 and 25 gallons of juice per hour could be evaporated, though above the former 
rate entrainment became heavy. Between 15'/; and 30% of the solids taken into 
the pan during this experiment was lost through entrainment. Clear, settled 
juices only were evaporated, no attempt being made to save the settlings. . The 
syrup from run number 2 was discarded. Difficulties with the pan caused a 
considerable delay during this run and a quantity of clarified juice that had cooled 
off and deteriorated badly was drawn into the pan before the deterioration was 
discovered. The syrup was evaporated to between 70 and 75 brix. At this 
density there was no detectable deterioration, though some of it was held for 
three days before boiling without the use of pre.servatives. The syrup was 
not very clean for though the settling, excej)t in run number 4, was good, evapo- 
ration of from 90'/, to 96% resulted in the suspended matter being concentrated to 
a very small volume. I'he reaction was dcstinctly alkaline to litmus. Approxi- 
mately 20 gallons of .syrup were obtained from five runs. Apparent purities for 
the different runs are given in detail in the following tabulation. First mill 
juice figures are from the Kahuku laboratory records. Run number 2 is omittei! 
from the averages. 


TABLR 2. 


Klin No. 

1 

Vnriety 

1 

First Mill 
tluice 

1 Lost Mill Juice 

... ! . After 

1 Brix , Purity 

j {Screening 

Clarified 

J nice 

Sj^rup 

I Increase 

! 

j Purity 

1 

Y. €. 

()o.6 

3.07 

44.0 

48.5 

58.1 , 

57.9 

! 13.0 

o 

? 

DO . 5 

2.47 

i 50.2 

1 57.1 

63.8 i 

i 46.2 

1 -4.0 

3 

Y. C. 

(51.4 

8.16 

1 47.2 

1 48.6 

54.8 

55 . 2 

1 8.0 

4 

? 

70.1 

6.26 

40.2 

j 54.9 

56.9 

58.7 

' 0..5 

5 

T. C. 

07.6 

d.91 

1 47.5 

31.8 

54.2 

55.9 

' 8.4 

() 

Y. C. 

• 

72.9 

5.01 

59 . 6 

1 

62 . 5 

1 

04.5 

65.8 

0.2 

rn ' 

True average .... 

07.2 

0.20 

1 

1 40.0 

i 53.3 

57.2 

58.6 

8.7 


It will be noted that screening caused an increase of 3.4 in purity; clarifi- 
cation a further increase of 3.9 and there was an increase of 1.4 during evapora- 
tion. making a total increase in apparent puritv from the last mill juice to syrup 
8.7. 

The syrup was boiled to a massecuite on November 12. A good grain was 
readily obtained by thickening half of the syrup to "string proof” and letting it 
.stand a few hours in the pan. A circulating baffle in the pan prevented starting 
this giaining charge to boiling again, and it was necessary to draw in the whole 
of the syrup. Most of the original grain melted during this manipulation ren- 
dering it necessary to bring in a secondary grain that could not be built up to 
a desirable size for want of material. The massecuite was boiled slowly for 
several hours to reduce the mother liquor to as low a purity as possible. Some 
10 gallons of massecuite of 96 brix, 58.0 apparent and 60.4 gravity i)urity were 
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The sugar was 76.3 apparent and 78.6 gravity purity. Securing a sugar 
dried to this purity under conditions approximating factory practice from a 
massecuile containing so much false grain and in which the mother liquor was 
reduced to thirty-four gravity purity was a somev.hj^t better result than could 
reasonably have been expected. 

Averages of the analyses made during this work ajipear in accompanying 
tabulation. The figures for ash and glucose in the juice are not, however, di- 
rectly comparable with the corresponding figures for .syrup, for in runs 1 and 2 
these determinations in the juices were lost. In order that comparison involving 
the use of ash and glucose content may be made, figures for runs 4, 5 and 6, 
which are comparable, are tabulated below : 


TABLE C. 



1 

Brix 

Sucrose 

Gravity 
rurity 1 

i 

Glucose 

1 Ash 

1 1 

1 Glucose 

Sucrose 

Ash 

Screoiiod juice 

5.71 

3.24 

56.7 ! 

0.75 

0.27 

2.77 

12.0 

("l.Mrificd juice 

. 5.55 

3.27 1 

50.0 

0 . 75 

0.32 

2.33 

10.2 

Syrup 

75.18 

45.01 

61.37 1 

10.60 

4.02 

2.64 1 

11.2 


The molasses .secured from this experiment was submitted to the same 
treatment that has been used in studying other samples of molasses at this 
Station. This consists of concentrating, .seeding with fine grained sugar and, 
after cry.stallizing in motion under carefully controlled temperature conditions, 
separating the mother liquor. The tabulated results follow : 

TABLE 7. 



Molasses 

Concen- 

trated 

Molasses 

Check 

Pinal 

Molasses 

Brix 

88.2 

' 

96,. 7 

95.4 

93.65 

Sucrose 

32.40 

35.94 

36.52 

26.01 

Gravity Purity 

36.74 

37.17 

37.23 

27.77 

•Total Solids 

79.89 

87.02 

87.03 

83.87 

True Puiitv 

40.56 

41.30 

40.81 

31.01 

Glucose 

20.78 

21.51 

20.49 

22.77 

Ash 

8.79 i 

9.55 

10.04 

10.99 

Orjj. Non-Sugar 

17.92 ! 

20.02 

20.98 

24.10 

Sucrose: Ash 

3.69 

3.76 

3.54 

2.37 

Glucose : Ash 

2.36 

2.25 

2.04 

2.07 

0. N. S.: Ash 

2.04 

2.10 

2.09 

2.19 

Water 

20.11 

12.98 

J2.97 

16.13 i 

Sucrose: Water 

1.61 

2.77 

2,74 

1.61 1 
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Tlie first column is the analysis of the molasses before treatment, the sccoikI 
after concentration, the third the unseeded sample placed in the crystallizer to 
detect changes during crystallization and the last column the analysis of the 
ir.olasses separated from the seeded and crystallized massecuite. 

The results do not diflfer in any material respect from those of a number of 
other samples that have ])een similarly treated. There was no destruction of 
sucrose during boiling, but the usual small destruction of sucrose during crys- 
tallization may be noted. There was also the usual smalb destruction of glu- 
('ose during I)oiling and a somewhat greater than the average destruction of 
glucose during crystallization. The gravity purity was reduced to 27.77, a 
ilgure within some two points of as low as any samples of Hawaiian molasse-. 
which have been reduced by this method. Judged by the above figures this 
molasses can hardly be classed as abnormal for all the characteristics shown 
lie within the limits of other samples of Jlawaiian molasses that have been 
similarly treated. 

The work done at the Kahuku factory developed the following points. The 
actual purity of the last mill juice was higher than indicated by the ordinary 
analysis because of the effect of the suspended matter on the brix. The total 
increase in ])urity obtained by screening and clarification was very large. In 
the more dilute juices in runs 1 and 2 the increase was from 50% to 100^, 
greater than in the more concentrated juices in later runs. The larger in- 
crease in jmrity in the more dilute juices seems to be due l)')th to the relatively 
greater effect of the sus[)ended solids on the l)rix and a greafer remoxal of sol- 
ul)le imi)urities. I'igures for runs 4, 5 and t) indicate a small increase in ash 
during clarification and a small decrease during evaporation. (ilucose remained 
imclianged during clarification, increased slightly during eva])oration, and de- 
creased during both boiling and crVvStallization. The differences noted between 
clarified juice and syrup, however, may ))e considered within the limits of cx- 
]>erimental error when the large differences in the concentration of the samples 
analyzed are taken into consideration. With the exception of the small increase 
in glucose during evaporation, which as just noted is hardly beyond the limits 
of experimental error, none of the figures gives any indication that any ma- 
terial amount of sucrose has been destroyed. In ])articular the analysis of a 
portion of the massecuite on December 23, demonstrates that the reduction in 
the purity of the molasses was due to crystallization of sucrose and that no loss 
had occurred while the massecuite was maturing. The loss of sucrose in run 
number 2 is not taken into consideration in making the abiwe comments. The 
conditions which caused this loss were accidental and would not ordinarily he 
encountered in well conducted factory o))erations. This experiment demonstrated 
that with well conducted factory work a much larger yield of sugar could be 
obtained from the last mill juice than would be inferred from its jnirity, for 
even though final molasvses of normal purity were assumed, an increase of over 
10 points between the a])]^arent purity of the raw juice and the gravity purity 
of the massecuite would hardly be expected. Assuming commercial sugar of 98 
gravity purity, no losses in manufacture, and reduction of the molasses to 33.8 
gravity purity, the S. J. M. formula indicates a yield of 67% of the sucrose in 
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this last mill juice, originally of 49.9 apparent purity. Further, the work at this 
Station failed to develop any particularly abnormal characteristics in the mo- 
lasses. 

In estimating the value of the last mill Juice fionj the results of this experi- 
ment there is .some question as to whether or not the removal of a part of the 
cushcush before clarification is the equivalent of present milling i>ractice. No 
flata is available as to whether a considerable ])art of the cushcush is removed 
when the last mill juice is used as maceration and rescreened or whether the 
cushcush is carried on into the mixed juice. Undoubtedly more or less of a 
.screening action does take place when the juice is applied as maceration and, in 
the writer’s opinion, screening juice before clarification makes the results of the 
experiment more nearly comparable to the results actually secured in factory 
practice, than would have been the case had the cushcush been removed sub- 
sequent to clarification. Had the latter course been adopted this experiment 
would have been to a considerable extent a study of the effect of organic im- 
purities dissolved through the action of lime and heal instead of a study of the 
effect of the .soluble impurities in the last mill juice. In this connection, it 
should be noted that present screening practice leaves much to be desired. With 
an im])rovement in screening practice any discrepancy between the results of this 
experiment and factory practice would be removed. 

This experiment was conducted under decidedly abnormal conditions so far 
as the quality of the cane was concerned, and the re.sults must be used with a 
considerable degree of caution in e.stimating the value of last mill juice under 
normal conditions. According to all present information when cane of good 
quality is ground, the glucose content of last mill juice is lower than was the 
case during this experiment. While data at this Station indicates that undue 
importance is often given the role j)layed by glucose in the formation of mo- 
lasses, it is undoubtedly easier to reduce the final molasses resulting from last 
mill juice, high in glucose, to a low purity than it is in the case of juices of lower 
glucose content. To just what extent the lower glucose content will affect the 
results can only be determined by experiment and it is planned to repeat the 
experiment at an early date using last mill juice resulting from normal cane 
and higher extraction. 
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Nitrogen Increases Yield at Grove Farm. 


GROVE FARM EXPERIMENTS 2, 3, 4, AND 5, 1922 CROP. 


By J. H. Midkiff. 

Sum MARY. 

These experiments, coverini^ a ])eri()(l of six years aiul consislinj^ of three 
crops, ])Iant cane, first, and second ratoons, deal with nitroj^cn applications. 
Amounts to aj)ply, the lime of aj^plication and forms of nit rotten have been 
studied, d he results of tlie plant cane experiments were printed in The Record, 
Volume MX, page 270, and the results of the first ratoon trials were i)rintcd 
in \"olume XXII, page 307. 

The cane was I) 1135, the 1922 croj) being the second ratoons. The pre- 
vious crop was biarvestcd in April, 1920. It was cut back in July. Although 
the experiment schedule called for four applications of fertilizer, two the first 
season and two in the second, only two applications were made in all (with the 
exception of Experiments 3 and 4, dealing with the time of apidication ) . One 
application was made in October 1920, and the other three combined in March 
1921. The canc in all plots received a uniform dose of 500 pounds reverted 
phosphaJe per acre. 

The results of the different treatments follow: 


Experiment 2. .Imount to Apply, 


^ ! Treatment 

Plots 

! 

j Yield per Acre 

1 

Gain Over No 
Fertilizer 

1 Cane 

Q. R. 

Sugar 

Cane 

Sugar 

X , , . .1 No fertilizer 

.. 27.66 

7.55 

3.66 

.... 

.... 

A . . . .jlOOO lbs. nitrogen mixture . . , . 

35.69 

7.93 

4.50 

8.03 

0.84 

B . . . . j2000 lbs. nitrogen mixture , . . . 

. . ; 35.03 

7.87 

1 4.45 

7.37 

0.79 


Experiment 3. Time of Application. 


Plots 

Treatment 

Cane 

Q.R. 

Sugar 

A .... 

1000 lbs. nitrogen mixture in three doses, 250 lbs. in 
October, 500 lbs. in March and 250 lbs. in June. . 

39.51 

8.15 

4.85 

c .... 

1000 lbs. nitrogen mixture in two equal doses sec- 
ond season, March and June. No fertilizer first 
season 

35.98 

7.87 

4.57- 

D .... 

1000 lbs. nitrogen in two equal doses: one in Oc- 
tober first season and one in March second sea- 
son 

i 

1 34.94 

7.54 

4.63 


206 


Experiment 4. Amount to Apply Second Season, 


Plots 

Treatment 

Cane 

Q.E. 

Sugar 

C .... 

w ■ ' 

1000 lbs. nitrogen mixture applied jn one dose in 

"M fITP.ll 

37.59 

7.77 

4.84 

E .... 

500 lbs. nitrogen mixture applied in one dose in 
March 

37.92 

7.44 

5.10 


Experiment 5. Forms of Nitrogen. 



Plots 

Treatment 1 

j 

Cane 

1 Q-R- 

Sugar 

A .... 

1000 lbs. nitrogen mixture, 250 lbs. in October and 

1 . 750 lbs. in March, 1921 

1 

35.1 

8.14 

4.31 

F .... 

1000 lbs. nitrogen mixture npplicd in one dose in 
! October, 1920 

j 

: 35.86 

8.41 

4.26 

a .... 

1250 lbs. dried blood, 12% nitrogen, applied in one 

1 dose, October, 1920 

.35.02 

8.96 

1 3.91 


The harvesting results of Experiment 2 show that 150 pounds of nitrogen 
gave an increase of over eight tons of cane and .84 ton of sugar per acre over 
no nitrogen. In the first ratoon 177 pounds of nitrogen gave an increase of .70 
ton of sugar over 27 pounds of nitrogen. There was an increase of only .10 of 
a ton of sugar from the application of 150 pounds of nitrogen in the plant cane. 
While the addition of 150 pounds of nitrogen increased the sugar yield only 1 .3 
percent in the plant cane, it increased it 13 percent in the first ratoon and 23 
percent in the second ratoon. ^ 

In the plant cane and both the ratoon cro]xs, 300 pounds of nitrogen gave 
slightly less than 150 pounds of sugar per acre. This was due to the fact that the 
heavier dose of nitrogen lowered the purity of the jiiiccs/as the weight of the 
cane in the 150 i)Ound and the 300 pound plots was ])ractically the same in all 
cases. 

A study of the results of Experiment 3 for the three crops does not prove 
conclusively the proper time of applying nitrogen. In the plant crop the cane 
in all plots was of practically the same weight. But the heavy doses the second 
season caused the juices of the C plots to be poorer and caused a resulting de- 
crease in sugar. Jn the first ratoon the juice from the C plots which received 
all their fertilizer the second season was as good as that of the D plots which 
received all their fertilizer the first season. And in this case the C plots, having 
more cane, produced more sugar. In the second ratoons the A plots received 
one-fourth of their fertilizer the first season and three-fourths the second. And 
in spite of their having the poorest juices, they had enough more cane to over- 
balance the C and D plots, which had considerably better juices and which re- 
ceived their fertilizers in two doses, the former all in the second season and the 
latter, half in the first and half in the second season. 
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Grove Farm Plantation Expts. 2,3,48c 5, i92Z crop 

Ekp Z Amount To Apply. Exr S.Time Of Application. 

Exp 4 Amount To Apply Exp 5. Forms Of Nitrogen. 


Field 6. 




Z ”^ Ratoons, Long. 


• 



38.0 

1 

35.1 

36.6 

38.1 

36.5 


A 

D 

A 

C ! 

A 

C 

E 

Crop Cane 

37S 

33.6 

36.4 

37.4 

37.3 

42.2 

38.9 




Exp. 3. 


Treat men 


fcif . 


500’^NitMixt. SOO’^Nit.Mixt 


500» Nit. Mixt. 1 500»NitMixt. — I 34.94 


Exp. 4. 


Treatment 


500 lbs. Nitroqcn Mixture * March l9Zi. I 3T,92 


»®iiraB*Eirai«3!rani 



Exp 5. 


Treatment 


Nit Mixt. Oct. 1920., T50« Nit Mixt March | 35. 10 


1000 lbs. Nitrogen Mixture 'October 1920. 35.86 


12S0 lbs. Dried Blood I2%N. October 1920. 35.02, 


Yields Per Acre 
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The cane of Experiment 4 received all of its nitrogen the second season. In 
all three crops the cane in the C and E plots was practically the same. But the 
K plots, receiving only half the amount of nitrogen as the C plots, invariably 
had better juices*and produced more sugar per acre. 

In Experiment 5, comparing the forms of nitrogen, dried blood did not 
give quite as good results for the three crops as a nitrogen mixture. The blood 
was applied in one dose the first season, while the nitrogen mixture was applied 
in one dose to the F plots and in four doses to the (i plots, (G plots in second 
ratoon received nitrogen mixture in two do.ses). With the exception of the first 
ratoon crop, the nitrogen mixture both in the A and h' plots produced better 
juices than the dried blood. 




Grove Farm Plantation Co. Exi-eriment 2, 1922 Crop. 
Fertiliser Experiment — Amount to Apply — Second Ratoons. 

0, 150, 300 lbs. nitrogen per acre. 

Object: 

To determine the most profitable amount of nitrogen to aipply to ratoon oano, 

Location: 

Field 6. 

Crop: 

D 1135, 2nd ratoons, long. 
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Layout: 

Number of plots: 37. 

Size of plots: 1/10 acre each (90.2'x 48.3'). 

Plots one watercourse wide and end boundaries marked by small stakes in cane 
rows. Rows irregular. 

Plan: 

Fertilization — Pounds N. M. per Acre. 


Plot 

No. of 

Plots 

October 

1920 

March 1 May 

1921 3921 

1 

Total 

Pounds 

Nitrogen 

X .... 

18 

1 i 

• e • 

... j 


A .... 

10 

250 

750 1 250 

150 

B .... 

9 

500 

],500 1 500 

300 


Fertilizer used: Nil. mix., 15% N. (6% nit., 6% sul., 3% org.). 

All plots received a uniform dose of 500 pounds of reverted phos])liate per acre in Octo- 
ber, 1920. 

Experiment originally planned and laid out by E. B. Larsen. 

Experiment revised by R. S. Thurston and J. A. Verret. 

Experiment conducted by J. H. MidkifT. 

Chemical analyses by A. H. Chase. 

(luovK 1l\rm Plantation Co. Explrimknt 3, 1022 C>kop. 

Fertilizer Experiment — Time of Application. 

Object: 

To determine the best time to apjdy a given anumiit of fertilizer to ratoon cane. 

Location: 

Field G. 

Crop: 

1) 1135, 2nd ratoons, long. 

Layout; 

Numb(*r.of plots; 31. 

Size of plots: 1/10 acre each (90.2'x 48.3'). 

Plots one watercourse wide and bounded at ends by small stakes in cane rows. Rows 
irregular. 

Plan: 

Fertilization -- Pounds N. M. per Acre. 


Plot 

No. of 
Plots 

1 

October ; 
1920 ; 

March 

1921 

Total 

Pounds 

Nitrogen 

A ....{ 

1 

i 15 

250 1 

500 

350 

c ....1 

8 

... 1 

500 

350 

D .... 

8 

1 

500 ! 

500 

150 


Fertilizer: 15% N. (G% nit., 6 % sul., 3%. blood). 
Experiment originally planned by L. D. Larsen. 
Experiment revised by R. S. Thurston and J. A. Verret. 
Experiment conducted by J. H. Midkiff. 

Chemical analyses by A. H. Chase. 
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Grove Farm Plantation Co. Experiment 4, 1922 Crop. 
Fcrtili!:cr Experiment — Amount to Apply — Second Season, 


Object: 

To determine the most profitable amount of fertiliser to apply to ratoon cane during 
the second season. 

Location: 

Field 6. 

Crop: 

D 1135, 2nd ratoons, long. 

Layout: 

Number of plots: IG. 

Size of plots: 1/10 acre each (90.2'x 48.3'). 

Plots one watercourse wide and bounded at ends by small stakes in cane rows. Rows 
irregular. 

Plan: 

Fertilization — Founds N. M. per Acre. 


Plot 

Aug, 

Nov. 

March 

1 Total 


1 Plots ! 

1 

1920 

, 1920 

1921 

Nitrogen 


1 C ! 8 



1,000 

150 


1 E .... 8 

— 

.... 

500 

75 



Fertilizer: 15% N. (6% nit., 6% sul., 3% org.). 

Kxperimeiit originally planned and laid out by L. B. T^arsen. 

Experiment revised by R. H, Thurston and J. A. Verret. 

Experiment conducted by J. H. Midkitf. 

Fertilizer analyses by A. IT. Chase. 

Grove 1"arm Plantation Co. Experiment S, F)22 Crop. 


Fertilizer Experiment — Forms of Nitrogen, 

Object: 

To (M)mpare the relative value of ecpial amounts of nitrogen from the following 
sources: organic (dried blood) and a 15% nitrogen mixture composed of C)% 
from nitrate, 6% from sulfate and 3 % from }>lood. 

Location: 

Field G. 

Crop: 

D 1135, 2nd ratoons long. 

Layout: 

Number of plots: 30. 

• Size of plots: 1/10 acre each (90.2'x 48.3'). 

Plots one watercourse wide and bounded at ends by small stakes in cane rows. Rows 
irregular. 

Flan: 

Fertilization — Founds per Acre. 



Plot. 

No. of 
Plots 

Fert. 

October 

1920 

March 

1921 

Total 

Nitrogen 



A .... 

14 

N. M. 

250 

750 

150 



F .... 

8 

N. M. 

1,000 

. . . 

150 



G .... 

8 

Blood 

1,250 

... 

150 
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Fertilizer; Nit. mix., N. (6% nit., 6% sul.^ 3% blood); blood 12%N. 
Kxpeiimont originnlly planned and laid out by L. D. Larsen. 

Experiment revised by B. H. Thurston and J. A. Verret. 

Experiment conducted by J. H. MidkiflP. 

Fertilizer analyses by A. H. Chase. 


Juice Extraction by Centrifugal Force. 


r>y II. D. Hkvkrtdck. 

During the 1^121 crop at Onoinca several experiments were carried on with 
shredded cane to determine the amount of juice tliat could l)e separated by cen- 
trifugal force, in an ordinary centrifugal. 

Cane was passed directly into the shredder, in order to get the shredde<l 
l)roduct from cane that had not passed through the crusher. This was analyzed 
for percent sugar, moisture and fiber. About 130 pounds was weighed, and spun 
for twenty minutes in an ordinary 40" Mackintosh centrifugal at 1100 R. P. M. 
The free juices thrown off were weighed to determine the percent extraction, 
and analyzed for Brix, sugar and purity. 

The residue was washed in the centrifugal with 30 percent of its original 
weight of water, and spun for fifteen minutes after the water was stopped. The 
resultant bagasse was removed, weighed, and analyzed for percent sugar, moist- 
ure and fiber. 

Experiment No. 1 was not washed, as we found, after spinning some time, 
that the centrifugal was not properly cleaned out, and it was necessary to weigh 
the bagasse instead of the juice to determine the extraction. In the other tests 
the juice extraction was determined by weighing free juices thrown off as above 
described. 

The results of these experiments may I)e of interest and are tabulated 
next page: 



Sample j 

■■ 

2 

3 i 

4 

Shredded Cane — ^ i 





Weight (lbs.) ! 

, 150.0 

153.0 

149.0 

151.5 

Polarization 

1 11.93 

10.80 

11.69 

10.00 

Moisture 

1 71.0 

74.8 

72.4 

72.0, 

Fiber ; 

13.35 

1 12.70 

14.25 

12.75 

Undiluted Juice — 





Brix i 

20.97 

15.82 

16.15 

18.50 

Polarization * 

16.09 

1 12.93 

13.72 

15.46 

Purity 

7(1.7 

i 81.8 

84.9 

83.6 

Pounds bagasse before washing 

72.0 

80.0 

85.0 

82.0 

Pounds undiluted juice extracted 

78.0 

07.0 

04.0 

00.5 

Wash water added % cane 


50 

50 

hos® 
/5 min. 

Time of spinning after wa«hing (minutes) .. 

1 , - - . 

15 

15 

^ 15 

Final Bagasse — 





Polarization 

9.42 

4.44 

7.35 

5.47 

Moisture 

58.4 

07.0 

05.0 

06.0 

Fiber 

29.4 

25.5 

20.25 

27.0 

Weight (lbs.) 


1 78.5 

1 

77.0 

78.0 

Extraction Data — 


Undiluted juice % cane 

52.0 

1 43.8 

43.0 

43.9 

Total extracted juice % cane 

52.0 

i 48.7 

48.3 

48.5 

Juice extracted % juice in cane 

00.0 

1 55.8 

50.3 i 

55.0 

Pol. extracted % pel. in cane 

02.1 

79.0 

07.5 1 

71.8 

Speed of Centrifugal (R. P. M.) 

1110 ' 

1080 

1095 ! 

1104 


* This sample was not washed. Tlio analysis is that of the bagasse Temaining aftei 
the undiluted juice was thrown off. 


It is shown by actual tests, that it is possible to extract nearly eighty per- 
cent of the total sugar in shredded cane by means of an ordinary centrifugal at 
1100 R. r. M., exerting about 700 pounds pressure per square inch. What ex- 
traction could be obtained with an apparatus capable of double or trcl)le that 
speed ? 


Papaikou, October 20, 1921. 
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Why Do Rats Eat Cane? 


By Edw. L. Caum. 

It is undeniable that rats are an exceedingly undesirable part of the popu- 
lation of a cane field, but it is an open question as to whether they are wholly 
responsible for all the damage that is laid at their door. It is not known just 
what part the cane plays in the rat’s domestic economy — whether it is an im- 
portant part of his diet or whether it is not. For the purpose of throwing a 
little light on this question, the experiment detailed below was carried out. 

()n December 28, 1921, the Experiment Station possessed ten white rats 
(the albino form of the common brown rat), consisting of four males and six 
females. Their exact age was not known, but was somewhere between three 
and four months. On that date four of these animals, two males and two 
females, were placed in another cage and fed on sugar cane and water exclu- 
sively. The remaining six rats were kejrt as checks, being fed their regular diet, 
which consisted mainly of bread, with various extras in the way of canna roots, 
pualele (Sonchus), lettuce and the like. 

(.)n F'ebruary 18, 1922, the fifty-third day of this selective feeding, the ex- 
periment was discontinued, and the experimental animals carefully compared 
with the checks. The four rats which had been fed on cane alone were small, 
sluggish, unsteady on their feet, and scarcely able to open their eyes wide. Their 
fur was yellowish, and they showed all the signs of being in an extremely un- 
healthy condition. They had not bred, or if they had the young had been eaten 
immediately after birth. There was never any sign of young noted in the cage. 
The check animals, on the other hand, were much larger and were very active 
and alert. Their fur was the pure white that it should be, and each of the 
females had produced a good-sized litter of young, 'fhe difference in the ap- 
])earance of the two lots was striking, but an even more striking difference was 
noted when the animals were weighed. The four rats from the experimental 
cage weighed, respectively, 64, 51 and 40 grams, an average of 55.25 grams 
each. Four of the check animals, and not the four largest, weighed 171, 154, 
150 and 135 grams, an average of 152.. 50 grams each, or nearly three times the 
weight of the cane-fed rats. 

During the two weeks between February 18 and March 4. the four experi- 
mental animals were given the same diet as those in the check cage. At the end 
of the first week they weighed 82, 81, 62 and 54 grams, averaging 69.75 grams 
each, having gained a trifle over 26% in one week of feeding on a mixed diet. 
At the end of the second week they weighed 95, 90, 71 and 58 grams, an average 
of 78..50 grams each. This represents a further gain of 12.55% over their weight 
of the week before, or a total gain of 42.81% in the two weeks of feeding on a 
more balanced ration. This seems to indicate that sugar cane is certainly not 
a very important part of the rats’ menu. 

From the condition of the experimental animals after fifty-two days on an 
exclusive sugar cane diet, and from the way their condition improved in two 
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weeks on a mixed diet, it looks very much Kke a case of partial starvation. The 
animals themselves gave the clue to the critical substance that was lacking in 
the manner in which they attacked the cane given them. They would first gnaw 
out the eyes, and then scrape the root-band clean, before eating out the pith. 
In other words, they first ate the embryonic tissue, the protein-bearing part of 
the cane stalk. This is a decided contrast to the habits of the field rats, which 
gnaw out the pith from the internodes, leaving the nodes untouched. The ac- 
companying illustration clearly shows this contrast. 

This experiment seems to indicate that rat damage to sugar cane is after 
all incidental, and that the animals can easily exist in a cane field without making 
use of the cane as an article of diet at all. The various insects and weeds present 
in the fields would furnish them with a completely balanced ration. 

However, it is certain that rats do destroy a large amount of cane, and when 
we seek the reason, borers should be given the first consideration. The larvae 
of these insects are a very acceptable article of food for rats, and it is entirely 
pos.sible that the rats learned to cat cane in the course of their excavating the 
stalks in search of these larvae. Various theories have been advanced concern- 
ing the relation between rats and borers.. One is that the rats eat cane as an 
ordinary article of food — make it an integral part of their diet, and that the 
cane so damaged attracts the borers, because the gnawed portions greatly facili- 
tate egg-laying. In other words, the borers follow the rats. .Another theory is 
just the reverse of this. According to this, the borers were there first, and the 
rats attack the cane, hollowing out the joints in their search for the borer larvae. 
It is a well-known fact that in.sects are an important part of a rat’s diet. Kat- 
eaten cane in the field, if not loo badly fermented and covered with fungi, will 
frequently .show traces of borer infestation. In the stick .shown at the left of 
the illustration there were very evident traces of borers in two joints. • The 
others were too badly gnawed to make a definite determination of this point 
possible. 

A slight bit of additional evidence in favor of the second hypothc.sis may 
be seen in the following incident. In the course of the feeding exi)eriment just 
described, a piece of cane containing a borer larva was given to the check rats. 
Although these animals had never seen a borer larva before, they showed no 
hesitation at all in consuming this one, and then they completely hollowed out 
the joints through which the borer had worked before making any attempt to 
eat into the sound joints above. When they had finished with the stick, it looked 
very much like the rat-eaten cane found in the fields. This may indicate why 
rat-eaten cane does not more commonly show evidences of previous borer in- 
festation. 



Tli(? two sticks on the left are rat-eaten eane from the fields. Note that the inter- 
nodes arc well hollowed out, but the eyes and root-bands are intact. iNott^ the borer chan- 
nel at tlic top of the stick on the left. Borer larvae had been through the middle inter- 
node of this stick as well. 

Those to the right arc specimens of the cane eaten ])y the experimental rats. Note 
how the eyes are gnawed out and the root-bands scraped clean. 
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Plows vs. Hoes. 


By J. A. Vkrret. 

Onomea Experiment No. 12, 1922 Crop. 

This experiment was planned by the plantation and conducted by it, except 
that the Station fertilized the plots and harvested the experiment. The labor 
distribution in the different operations was kept by the plantation. 

The experiment consisted of twelve plots, each 1/10 acre. There were six 
repetitions of each treatment. The cane was Yellow Caledonia, first ratoons, 
long. All plots were shaved with a stubble shaver, after which the experimental 
treatments were begun. All plots were fertilized as follows: 


September 11, 1920 

February 1, 1921 

June 1, 1921 


500 lbs. B 7 ^ 

500 lbs. B 7 * 

400 lbs. Nit. Sioda 


200 lbs. Pt. Kit. 




7 = 11% N., 6 % P 2 O 5 , 6 % K 2 O. 


The labor distribution in hours per acre is as follows: 


1 

Plamtation Practice 

Hoes Only 
Men 

Men 

Animals 

Off-barring 

Cultivating 

Fc^rtilizing 

6.95 
15.96 
8.22 1 

13.33 
102.39 i 
5.15 
8.33 j 
4.80 

j 6.95 

1 15.96 

8.50 

22.20 

234.10 

Covering Fertilizer 

Hoeing' T 

3.33 

Harrowing 

Hilling plows 

Hilling hoes 

5.16 

8.33 




Total 

i 

165.13 1 

39.72 

264.80 


The yields obtained are given in the following tabulation: 


Treatment 

Yield per Acre 

Cane 

Q.B. 

Sugar 

Plantartion Practice 

50.1 

10.18 

9.73 

4.92 

5.55 

Hoes Only 

54.0 



From the above we see that the plows-^were actually detrimental to yields, 
and that hoes only were more expensive and used up much more man labor, 
which is something to be avoided at the present time. 
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The logical method of procedure would therefore seem to be to cover fer- 
tilizer and control weeds as much as possible with surface implements to avoid 
disturbance to the root systems of the growing cane. 

Evidently the benefits, if any, derived from the use of plows is not great 
enough to make up for the check caused by root destruction. This is indicated 
to some extent by notes taken in this field on December 24, 1920, by W. I.. S. 
Williams. 

Mr. Williams states: 'Tn the cultivation experiment (Exp. No. 12, 1922 
crop) the X plots which have received off-barring and regular plantation culti- 
vation have far better color, but the A plots, where no animal work has been done, 
are noticeably higher in growth.” 

Details of Expkrjment. 


Object: 

To deternniio the value of eultivatiou ]»raeti(*es eom]>ariiig: 

1. Plantation praetico, ineluding ofT-barring, middle-breaking and hilling (X). 

2. No animal cultivation — hoeing only (A). 

Location: 

Ononiea Sugar Co., Field (S2. 

Crop: 

Y(*llo\v Caledonia, 1st ratoons. 

Layout: 

Num])er of plots — 26. 

Size of plots — 1/10 acre, consisting of 6 lines, each line 5.9:^ ft. wide and 122.5 ft. 
long. Tunes 1 and 6 are guard lines, to be discarded on harvesting, and lines 
2, .‘1, 4 ‘uid 5 of (‘ach plot harvested as experiini'iit. 

Plan: 

F(*rtilization : 

Uniform to all ])Iots, and to be applied by Station rej)resentative as follows: 

Sept. 20, 1920 — 500 lbs. B-7 per acre and 200 lbs. Pot. Nit. 

Pec. 1, 1920 — 500 lbs. B-7 j)er acre. 

April 1, 1921 - 400 lbs. N. S. ])er acre. 

B-7 =11% N.; 6% PoO.-j, 6% K^O. 

N. S.= 15.5% N. 

Cultivation : 

Time to be kept separately for A and X ydots by plantation team-luna. Station 
representartive to be present whenever possible. 



Cultivation Practices. 


Halawa Plantation Experi^tent No. 1, 1922 Crop. 

Various cultivation practices were compared in this test. In one series of 
plots the so-callcd plantation practice was followed. This included offbarring 
and hilling. In a second series, cultivators were used for weeding and for 
covering the fertilizer. No plows were used. In the third series of plots no 
animals were used, the weeding and covering of the fertilizer being done by hoes. 

The cane was Yellow Caledonia, first ratoons, long, and was harvested in 
hebruary 1922, at the age of 23 months. The previous crop was harvested in 
March 1920. 

On August 12 to 14, all the plots were hoed, then on the 17th, the X plots 
were oflfharred and on August 20, all plots received 500 pounds acre of 
complete fertilizer. The fertilizer in the X and A j)lots was covered with a 
cultivator, while in the B jdots it was done with hoes. In covering the fertilizer, 
the cultivator was run twice on each row.. All jdots were hoed the second time 
on October 6 and on the 7th all plots were fertilized. The fertilizer on the X 
])lots was covered with plows in the hilling up. that on the A plots was covered 
with cultivators as previoiusly, and that in B with hoes. 

1 he labor distribution in hours per acre for these diflferent o])erations is given 
as follows: 



X PLOTB 
I’lantation Prac- 
tice 

Men j Animals 

A r 

Ciiltiva 

H( 

Men 

I.OTS 
:ors and 

JCS 

Animals 

B P] 
Hoes 

Men 

t,OTR 

Only 

Animals 

Iloeinjy 

10.2 


10.4 

1 

10.5 


Applying fertilizer 

4.0 

• • • • 

4.0 



4.0 


Covering fertilizer and hilling , 

S.8 

8.8 

0.3 

0.3 1 

17.3 


Offbarring 

7.7 

7.7 

— 

^ 1 

• t « 4 

.... 

Total 1 

36.7 

16.5 

27.7 

6.3 1 

37.8 1 

0.0 


The yields per acre obtained are given in the following table: 


Plots 

] 



Treatment 

Yield per Acre 

Cane ! Q. B. SiigaT 

X .... 

Offbarring, plowing, etc 

29.8 i 

8.07 1 

3.70 

A .... 

Cultivators and hoes, no plows 

29.3 ' 

8.01 ‘ 

3.65 

B .... 

Hoes only 

29.0 1 

8.09 i 

3.59 


The yields were substantially the same for all treatments. By omitting off- 
barring and hilling and controlling weeds as much as possible with cultivators, 
a distinct saving in labor was shown, and is to' Be preferred to either of the other 
methods. 



In order 1o see if plowing becomes necessary in time we plan to continue 
(his experiment in the same way until the field is again plowed for planting. 

J. A. V. 


Preliminary Investigations in Seed Germination. 

Ily Wm. W. G. Mojr. 

Single eye cuttings have 1)een used in ciir study of the heritable characters 
of tlie progenies in the bud selection ]:)rojccl. They have been started in pots 
and later set out in the field a uniform distance apart. ( )nly i)lants of a uni- 
form size and vigor were jdanted out so as to insure an even stand in each 
jirogcny. To gel a better understanding of the behavior of the.se cuttings, and 
.seed in general as to treatments and methods of handling, so as to insure a (juicker 
and more uniform germination, we have carried out a few experiments on germ- 
ination of these cuttings. 

Nursery flats holding nine single eye cuttings of II 10‘) cane were used 
throughout the experiments and the .sand-soil mixture of one part sand to four 
])arts soil was used in all cases where the treatment did not call for some other soil 
medium. In all treatments sufficient repetitiims and checks were made, and .seed 
from different .stalks and stools was well mixed to insure more uniform and trust- 
worthy results. Observations and recording of germinations were made from day 
to day for a period of six weeks, at which time the experiments were abandoned. 
The results obtained arc applicable only to material handled under the above 
conditions, but many suggc.stions may be obtained for ])lantation practice. We 
intend carrying out a few of these in further field tests at Waipio later on this 
year. 

An outline of the object and results of each of the experiments follows: 


lixpenineni 1. 

Object; 

Single eye cuttings vs. three joint one eye cuttings (the two end eyes gouged out), 
having the eye: 

(1) On the top of the cutting when ]daced in the hot. 

( 2 ) On the side of the cutting when placed in th(‘ flat. 

(3) On the bottom of the cutting when placed in the flat. 

Results: 


1. Cuttings placed so that the eyes were on the toj) germinated one week sooner 

than those on the side, and two weeks sooner than those on the bottom and 
maintained this lead throughout the six-week period. 

2. Single eye cuttings germinated sooner than Ihe three joint one ey(‘ cuttings, but 

the three joint cuttings grew faster after germination and soon surpassed the 
one joint cuttings in growth. 

3. Germinations wcu-e much better from eyes turned up or on the side than from 

those turned down. 

4. Rhoots arising from the three joint one eye cuttings wore much more vigorous 

and larger than those from the single eye cuttings. 



Experiment 2. 


Object: 

1 . 

2 . 


Results: 

1 . 


2 . 


3. 


4. 


5. 


Object: 

1 . 


Results: 

1 . 


2 . 


3. 


4. 


0 . 


Single eye cuttings cut close to the node vs. those cut as long as possible. 
The above tried out under the following soil or planting media: 

1. Ordinary soil. 

2. Sterilized soil. 

3. Ordinary beach sand (coral). 

4. Sterilized beach sand (coral). 

5. Ordinary charcoal. 

6. Sterilized charcoal. 

7. Sand-soil mixture (1 to 4). 

S. Charcoal-soil mixture (1 to 4). 


Long cuttings gave slightly better germination and more vigorous shoots than 
the short cuttings. 

Soil media in order of germination rates are as follows: Charcoal, sand-soil, 
charcoal-soil, soil, and beach sand. Tn order of growth rate after germination: 
Sand-soil, soil, charcoal-soil, beach sand, charcoal. 

No beneficial results were obtained from sterilizing the media. 

The increased rate of germination in the charcoal flirts was probably due to tho 
greater absorption of heat by the black color, and the jmor rate of grow'th 
afterwards to the lack of food. 

The sand-soil mixture gave the best results and pure beach sand the poorest. 

Experiment 3. 

Single eye cuttings from the upper one-third of the 8ta*lk (top) vs. those from 
the middle one-third (body) vs. those from the lower one-third of the stalk 
(butt). 

Tho above tried out under the following fungicidal treatments: 

1. Cuttings exposed to sunshine for one hour. 

2. Cut ends smeared with copper sulphate- starch paste. 

3. Cuttings dipped in bichloride of mercury for five minutes. 

4. Cuttings dipped in Bordeaux mixture for five minutes. 

5. Cut ends dusted with flowers of sulphur. 

Bichloride of mercury — 1 to 1000. 

Bordeaux mixture — 5-5-50. 


Injurious effects w^ere obtained in the treatments with copper-starch paste, bi- 
chloride of mercury, and Bordeaux mixture: 

a. No germination in the copper-starch pa-ste till the sixth week, when one eye 

germinated. 

b. Only a 25 percent germination in the bichloride treatment. 

c. Only 75 percent germination in the Bordeaux mixture. 

Exposure to the sun for one hour had no bad effects nor any beneficial effects to 
the top seed, but had a retarding effect on the body and butt seed. 

Flowers of sulphur was neither beneficial nor detrimental. 

Top seed germinated quicker and gave a higher percentage of germination than 
body and butt seed. 

Body and butt eyes were about equal in all treatments. 
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Experiment 4 . 


Object: 

Top, -body and butt seed unsoaked vs. top, body and butt seed soaked: 

1. Ten minutes at 60® C. 

2. Twenty-four hours in ordinary water — 

a. Left in long pieces. 

b. Cut into single eye cuttings. 

3. Forty-eight hours in ordinary water — 

a. Left in long pieces, 

b. Cut into single eye cuttings. 

Heed Moaked in long pieces was cut into single eye cuttings before planting. 

Basalts: 

1. Top eyes germinated quicker and gave a higher percentage of germination in all 

treatments except the ten minutes at 60® C. and the forty-eight hours (single 
eyes) soaking. 

2. All eyes treated for ten minutes at 60® C. were damaged so badly that only three 

were able to germinate about the end of the sixth week. 

3. Soaking for twenty-four hours had no beneficial effects over planting without 

soaking, and with long seed there was a slight retarding of germination. 

4. Soaking for forty-eight hours with the seed cut into single eye y)ieces gave the 

inaximtim rate of germination for top, body and butt seed. This jump at the 
start over the rest of the treatments was maintained throughout the whole six 
weeks. 

i). The seed left long and soaked did not compare wjth the single eye cuttings st)aked; 
the peri(»d of soaking was not long enough, so no benefit was obtained and a 
slight retarding of germinati<ui resulted from this extra handling. 

6. Ilody and butt scimI soake<l came up <|uicker and evener than body and butt seed 
un soaked. 


Experiment 5 . 


Object: 

To[», body and butt seed under the following treatments: 

1. Single eyes cut and planted the same day that the material for treatment 

2 w'as topped, 

2. Single eyes from stalks, topped ten days before jdanting. 

3. Single eyes from untojqied stalks planted the day that tr(‘atmcnt 2 was 

ydanted. 

In topping the stalks for treatment 2 the cane top was removed for the top seed, 
the Ujjper one third of stalk for the body seed, and the upper tw’o-thirds for 
the butt seed. 


Results: 


1. Germinations vrere recorded three days from planting in the topped seed. 

2. One w’eek after planting, the topped seed — top, body, and butt — had surpassed 

the seed ydanted seventeen days before. At the end of the six-week period the 
yiercentage of germination in the ordinary seed, cut and ydanted at the same time 
as topped seed, w^as only about tw’o-thirrs that of the topjied, but the rate of 
growth had surpassed that of the topped seed. 

3. Body and butt seed in the topped treatment gave a very high germination ]>er- 

centage and rirte of growth. This w^as the best stand of body and butt seed 
throughout the whole five experiments. 


General Conclusions, 

1. Top seed is to be recommended in yireferonce to body and butt seed, even in 
one year old cane, a-s was used in these tests. 

2. Placing eyes on top, when single eye cuttings are used, is more beneficial than 
placing thorn on tho side or bottom. 



3. Soaking of seed, especially hard body and butt seed, for from forty-eight to 
seventy-two hours, changing the water daily, is strongly recommended. Soaking top 
seed is also beneficial, but is not necessary where the seed would have to be transported 
long distances to soak. Some form of tank car that could be hauled around to the dif- 
ferent fields would overcome this transportation trouble. 

4. Topping cane for a period of ten days prior to cutting seed is recommended only 
where there is a shortage of good seed. Eapid germination is obtained, but more careful 
handling and care after planting is necessary. The seed will germinate quickly, but the 
root growth is not fast enough to keep pace with the shoot and often the shoot dies or 
is set back. Extra irrigation will partially overcome this. 

5. Hard body and butt seed should not be exposed to the sun, even when bagged, 
any longer than necessary. Cover the seed with trash. 

6. Three joint one eye cuttings are recommended for single eye stooling investiga- 
tion, as more vigorous shoots are obtained in a shorter time. 

7. 8oil-sand mixture of four to one is the best planting medium. 

8. Flowers of sulphur is the only fungicidal treatment tried that can be recom- 
mended. 

9. If single eye cuttings are to be used, cut them as long as possible. 

10. Only vitally strong stalks should be used for seed. Very small stalks give pour 
results, and extra large suckers which are immature and soft may also lack vitality. 

Most plantation men fail to realize the fact that top seed should be used in prefer- 
ence to body and butt seed; many of them aro beginning to realize the importance of 
the size of the stalk used for seed; but very few agree on the question of soaking sec'd. 
There are plantations wdiere no seed is planted that has not soaked for from 48 to 72 
hours, and there arc many that do not soak their seed at all, while iii !)etvveen we have 
them soaking seed from ;i few hours up to a day. Mucli more experimenting on tlii* 
subject should bo carried out. The harm that is <h»ne by the extra handling of soaking 
in the short periods more than balances the benefits d<'rived from the soaking. To really 
got the benefits from soaking the seed mu.st be coinjdetely ])enetrated, and this cannot 
be brought about in a few hours’ soaking. From the results obtained in the tests above 
I am sure that seed should be either soaked from 48 to 72 hours or not soaked at all. 
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Elxperiments at Maui Agricultural Company. 


By J. A. Verret. 


GENERAL. 

These experiments were on the Maiii Agricultural Company plantation, in 
field 83, Keahua section, at an elevation of about 500 feet. They were 1921 crop 
experiments, hut on account of great delay in harvesting, due to abnormal labor 
conditions last year, it was necessary to carry them over to the 1922 crop. They 
were, therefore, harvested in January 1922. 

During its growing ])eriod the cane in these experiments Miflfered a great 
deal from lack of water, more particularly during 1921, when the field receivetl 
but two regular irrigations. The rainfall for the year in that section amounted 
to 24.76 inclus, 18.47 inches of which fell in January, November and December, 
rile cane dried up badly. 

Therefore ihe results obtained from these ex])eriments are to be consideretl 
as referring to conditions of extreme water and labor shortage, and are nut 
nec(*^saril\ the same as Wiudd be expecte<l under normal conditions. The cane 
was plant,^ 27 .mojiths old at harvest. 

The results obtaihe<l from this scries <T ex]ieriments are briefly summarizetl 
a^' follows: 

I'irst. Ihider conditions of labor and water shortage, and delay in har- 
vesting from a sugar production ])oint of view, II IW, Rose Bamboo, and D 
1135 arc of about e(|ual value as plant cane. The selection of a variety for tbi*^ 
section should therefore be based, to some extent, on the field and milling (|uali- 
ties of the cane. We should be inclined to favor H 109, as it is more likely 
to respond to better conditions. On the other hand, were conditions to remain 
bad, D 1135 would probably give better ratoons. 

Second. Neither phosphoric acid nor potash produced enough increase in 
yield to pay for its cost. 

Third. The economic limit in nitrogen was 175 pounds of this element per 
acre, ecjual to about 1,100 j)Ounds of nitrate of soda. 

Fourth. Applying a given amount of fertilizer in two doses gave better 
results than when applying it in three or four. 

Fifth. Equal amounts of nitrogen from nitrate of soda, ammonium sul- 
phate, a mixture of equal amounts of nitrate and sulphate, and dried blood gave 
about equal yields of sugar. The blood was the most expensive. 



Exp. 4 Variety Test. 

Exp 5. Amount To Appuy. 

Exp 6. Proportion Each Season. 

Exp 7. Phosphoric Acid Test. 

Exp 8. Plant Food Requirements. 

Exr 9. Time «c Number or Appucations. 
Exr 10. Forms of Nitrogen 

Maui AgncuHural Co Expf6.4,5,6,X6,9aciC),i92$ crop 
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Experiment No. 4 — Varieties of Cane. 

In experiment 4, Lahaina, II 146, H 109, Striped Mexican, Rose Bamboo, 
and D 1135 were compared with the following results: 


Variety 

Yield per Acre 

1 Cane j Q. R. Sugar 

Rose Bamboo 

55.5 

8.83 

6.29 

H 109 

50.2 

8.02 

6.26 

D 1135 

54.0 

8.64 

6.25 

Striped Mexican 

47.0 

8,43 

5.58 

H 146 

41.4 

9.53 

4.35 

Lahaina 

35.0 

9.26 

3.78 
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Of the above varieties Rose Bamboo germinated the best, and had a faster 
start, with D 1135 next best, followed by H IW. H 146 was very slow coming 
up. Rose Bamboo needed no replanting; in all the others some replanting was 
necessary. 

Rose Bamboo, H 109 and D 1135 were of equal value as sugar producers 
under the conditions which pertained. Both Lahaina and H 146 gave poor re- 
sults, due mainly to Root-rot. It should be rememl)ered that H 14f) is suscep- 
tible to Lahaina disease and should never be planted in fields . where this disease 
is known to be present. 

The poor juices from the II 146 and the lahaina were due, in the main, to 
diseased and dead cane. 

This experiment is being continued as short ratoons. 

All the varieties have ratooned well except Lahaina and IT 146, which will 
need replanting. 

Details of Experiment. 

Object: 

To compart* tlic following varieties for conrjtions existing at the southern end of 
the plantation: Lahaina, Htriped Mexican, I> 113o, II 109, H 146 and Rose 
Bamboo. 

Location: 

Koahua Section, field 83. 

Crop: 

Six varieti(‘s as plant cane. Planted September 1919; harvest(*d January 1922. 

Layout: 

Number of plots: 54. 

Size of plots: 1/20 acre (31.5'x69'). composed of 7 straight lines, two wate?’<‘ourses 
long, or 34 single lines, 4.5'x34.5'. 

Plan: 


Plots 

No. of 
Plots 

November 

ldl9 

Feb. 

1920 

April, 

1920 

K. 

Total Pounds 

Acre 

N. P2O5 1 

per 

KoO 

N. 


KoO 

N. 

Lahaina 


58.8 

100 

60 

58.3 

58.3 

175 

r 

100 

60 

striped Mexican. 

^9 

58.3 

100 

60 

58.3 

58.3 

175 

100 

60 

1) 1135 

9 , 

58.3 

100 

60 

58.3 

58.3 

175 

100 

60 

H 109 

9 ’ 

.58.3 

100 

60 

58 . 3 

, 58.3 

175 

100 

60 

H 146 

9 ! 

.58.3 

100 

60 

.58.3 

; 58.3 

175 

100 1 

60 

Rose Bamboo . . . 

9 1 

o8 • 3 

100 

60 

58.3 

! 58.3 

175 

100 1 

60 


N. from 37Vi% nitrogen mixture half nitrate of soda, half siilf. amm. 

PoOr, from acid ])hosphate, 16% P2t)r»- 

K2O from sulfate of potash = 48% N2O. 

EXPERIMENT NO. 5 — HOW Ml’CH NITROGEN TO U.SE. 

In this te.st the amounts of nitrofjen used varied from nothing? to 223 pounds 
per acre. All plots received phosphoric acid and potash in equal amounts, 
that is, 625 pounds of acid phosphate and 125 pounds of sulphate of potash 
per acre. 





The amounts of nitrogen used and the results obtained are shown as 
follows : 


Variety 

Nitrogen; — 
Pounds per Acre 

Tons per Acre 

Cano 

Q. B. 

Sugar 

H 109 

No nitroorfiri 

33.2 

8.39 

3.95 

D 1135 






27.6 

9.39 

2.94 

H 109 

75 pounds nitrogen . . . 

44.0 

8.76 

5.03 

D 1135 

75 

H H 

40.5 

9.32 

4.35 

H 109 % 

125 

a 

48.8 

8.69 

5.62 

D 1135 

125 

H it 

51.3 

9.40 

5.46 

H 109 

175 

ti it 

53.2 

8.42 J 

6.32 

B 1135 

175 

a it 

55.6 

9.00 I 

6.17 

H 109 

225 

it it 

52.3 

8.81 

j 5.94 

B 1135 

225 

it tt 

57.1 

9.24 

6.18 


The nitrogen produced profitable gains up to a limit of 175 pounds per 
acre, equal to the use of 1,100 pounds of nitrate of soda. I'urther additions 
of nitrogen above this amount did not pay. 

It is well to remember that this field suffered severely from lack of water 
during the summer of 1920. With normal water it is possible that larger amounts 
of fertilizer could have been used to advantage. 

But it is apropos to remark here that heavy fertilization should be done 
carefully. Fields which are likely to suffer from lack of water cannot be ex- 
pected to show big profits from heavy fertilization. It is also extremely im- 
portant not to apply big doses of nitrogen late during the second season, as in 
that case the juices are likely to be poor and although the cane yields may be 
high, the sugar “in-the-bag” may prove to be disappointing. 

At Waipio, where we now use 300 pounds of nitrogen per acre, we make 
it an invariable rule to have all fertilizing done at least twelve months before 

the field is to be harvested. By following this routine we have found that by 

harvest time the stimulating action of the nitrogen has stopped and that we are 
able properly to mature the cane. We are harvesting at present cane running 
above 100 tons to the acre with quality ratio about eight. Had this cane been 
fertilized late lafst year, instead of February, the quality ratio, we have reason 
to know, would be nine or ten. 

As a result of our work at Waipio and of our field experiments on the 
other islands, we are convinced that late fertilization is more detrimental to 

juices than is heavy fertilization when done at the proper time. 

Details of Experiment. 

Object: 

To detennino the most profitable amount oTlaitrogen-for the Keahna lands. 

Locatios: 

Field 83, Keahua Section. 
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Crop: 

1) 1135 and H 109 plant cane, planted September 1919; harvc8j;ed January 1922, 

Layout: 

Number of plots = 51, 

Size of jjlots: 1/10 acre (63'x 69'), composed of 14 lines, two watercourses long, or 
28 single lines, 4.5'x34.5'. Each jdot contains 1) 1135 and H 109, and each 
variety occupies 7 lines two watercourses long. 

Plan: 

Fertilization in Pounds per Acre per Application, 



1 

j 

November 

1919 1 

Feb. 

April 1 

Total 

Pounds per 

Acre 


Plot ' of 




1920 

1920 . 





j Plots 










I 

1 

i 

1 

1 K20 

' N. 

N. , 

N. 

; P2O0 j 

K2O 

A 

' 11 

i 

• • • • 

j 100 

i 60 

.... 


... 

! 100 

60 

B 

11 

j 25 

100 

i 60 ; 

1 25 

25 

25 

; 100 ' 

60 

0 

10 

! 41.6 

100 

i 60 1 

41. b 

41.6 

125 

j 100 

60 

X 

9 

58.3 

100 

60 

■ 58.3 

58.3 

175 

j 100 

60 

I) 

10 

75 

100 

! 60 

1 75 

75 

225 

, 100 

60 


N.= Nitrogen from 

171/2% 

nitrogen 

mi xt 11 re 

, half nit. soda, 

half 

sulf. amrn. 



p^O,-i= Phosphoric 

acid from acid 

X)hosphat 


X. 





K20 = Potash from sulfate of potasli = K^O. 

EXPERIMENT NO. 6— PROPORTION OF NITROGEN TO APPLY 

EACH SEASON. 

In this exj)erinient we applied 175 pounds of nitrogen per acre to all plots, 
hut it was applied at different times to the different plots. All plots also re- 
ceived 625 pounds of acid phosphate and 125 pounds of sulphate of potash i)er 
acre. 

Jloth Lahaina and 1) ILLS in this area suffered to some extent from Root- 
rot. Cane suffering* from this disease responds hut little to fertilization. For 
this reason the results obtained from this test are not to be accepted as in any 
way conclusive. They are reported here to complete the record. 


The results of the harvest are as follows: 


Variety 

If 146 
Lahaina 

H 146 , . • < 
Lahaina .i 

H 146 . . . 
Lahaina . 

H 146 . 

Lahaina . 



I 

i All nitrogen applied 2iid season, Feb. and April. 40.8 

I All nitrogen applied 2iid season, Feb. and April. 36.4 

All nitrogen applied 1st season, in November 43.2 


i All nitrogen applied Ist season, in November ... 38.9 

i t 

I One-third in Nov., two-thirds in Feb. and April, j 41.7 

One-third in Nov., two-thirds in Feb. and April. 38.2 

Two-thirds in Nov., one-third in Feb. and April. 42.0 

Two-thirds in Nov., one-third in Feb. and April. 39.0 


9.97 ' 

3.90 

9.92 , 

4.21 

10.13 

3.77 

9.61 

4.37 

10.27 i 

3.80 
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The diflFerences here are not very great, but indicate a preference for the 
early applications of fertilizer. 

¥■ 

Details of. Experiment. 

01>j6ct; 

To determine what proportion of the fertilizer to apply each seanon. 

Location: 

Field 83, Kcahua Section. 

Crop: 

H 146 and Lahaina plant cane, planted September 3910; harvested January 1922. 

Layout: 

Number of plots: 45. 

•Size of plots: 3/10 acre (composed of 14 straight lines) two watercourses long, or 28 
single 4.5'x34.5'. Each plot contains two varieties and each variety occupies 
7 lines two watercourses long. 

Plan: 

Proportion of Fertilizer per Season and Application. 


1 

i 

Plots 1 

No. of 
Plots 

1st Season | 

Second Season 

Total Pounds 

Nov. '19 I 

Feb. '20 

N. 1 

Apr. ’20 

N. i 

nr. 

N. 

1 

1’206 

K 20 

1 

E ' 

12 1 

i 

• • • 

1/2 ! 

1/2 

175 

100 ' 

60 

X 

31 

1/3 1 

1/3 i 

1/3 

175 

100 . 

00 

F 

11 

2/3 

1/6 1 

1/6 

175 

100 

GO 

G 

11 

All ; 

1 

... ! 

• • •' 

1 175 

100 I 

60 

All plots 

are to 

receive in the 

first fertilization 100 pounds P 2 O 5 from 

acid phos* 


phate and 60 pounds K 2 O from sulfate of potash. 

Nitrogen to be a]iplied as 171/^ % N. mixture, half nitrate of soda, half sulfate of 
ammonia. 


EXPERIMENT NO. / — PHOSPHORIC ACID. 

In this area we compared varying amounts of phosphoric acid, ranging 
from 50 to 150 pounds of PoO, per acre. All plots received nitrogen at the 
rate of 175 pounds per acre and 60 pounds of potash. 

The results obtained are given in the following table : 

- SUMMARY OP YIELDS. 


Variety 

Treatment — 

» 

Tops per Aero 

Pounds per Acre 

Cane 

Q. B. 

Sugar 

H 109 

312 pounds acid phosphate . .• 

58.4 

8.45 

6.91 

Striped Mexican . . 

312 

62.8 

8.71 

7.21 

H 109 

625 '' 

54.9 

8.80 

6.24 

Striped Mexican . . 

625 ** .. 

61.5 

9.23 

6.66 

H 109 

937 

54.1 

8.89 

6.09 

Striped Mexican . . 

937 

61.1 

9.04 

6.76 
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Increasing the phosphoric acid above 50 pounds per acre was of no value; 
in fact, the yields were lower. These results are confirmed by those from ex- 
periment 8, where there was no appreciable response from phosphoric acid. 

An analysis of the soil in this field showed; 

Citrate soluble P205=:.0095% 

This soil is, therefore, well supplied with phosphoric acid and will he for 
some years io come. 


Details of Experiment. 


Object: 

To (loterminc the amount of phosphoric acid to apply under these conditions. 


Location: 

Field 83, Kcahua Section. 


Crop: 

H 109 and Striped Mexican plant cane, planted September 1919; harvested Janu* 
ary 1922. * 

Layout: 

Number of plots 21. 

Size of plots: 1/10 acre (63'x 69'), composed of 14 straight lines two watercourses 
long, or 28 single lines 4..Vx34..V. Each plot contains two varieties and each 
variety occuides 7 lines two watercourses long. 

Plan: 



Plots 

Plots 

November 1919 

1 

Feb. 

1920 

April 

1920 

Total 

Pounds per Acre 

, N. 

PPo ; 

KgO 

N. 

N. 

N. 

' I K2O 

H 

7 

i38.3 

50 

60 ! 

58.3 

58.3 

175 

■ 50 00 

X 

7 

58.3 

100 

60 ; 

58.3 

j 58.3 

175 

' 100 , 00 

I 

7 

58,3 

150 

60 : 

58.3 1 

58,3 

175 

0 

0 

f-t 

- -1 


N. from 

nitrogen 

mixture, 

half Nit. 

Soda, ] 

half Sulf. 

A mm. 



a<*id phosphate = 16% P 2 ^rr 
K 2 O sulfate of potash = 48% K 2 O. 


FXPERIMRNT NO. 8 — N1TR0(;EX, PHOSPHORIC ACH) AND' 

POTASH. 

We here tried different combinations of the three main plant foods, nitro- 
gen. phosphoric acid and potash. The nitrogen was kept constant at 175 pounds 
l)er acre, except in one series of plots where no nitrogen was used. The results 
from the different treatments are summarized on the next page; 
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Summary of Treatments anu Yields. 


Variety * 


Bose Bamboo 

D 1135 

Bose Bamboo 

D 1135 

Rose Bamboo 

P 1135 

Bose Bamboo 

D 1135 

Bose Bamboo 
D 1135 



Tons ner Acre 

Treatment 


_ - — 

— — 


Cane 

Q* l^s 

Sugar 

Nitrogen only 

48.3 

8.67 

5.57 

Nitrogen only 

53.9 

9.29 

5.80 

Nitrogen and phosphoric acid 

49.7 

8.72 

5.70 

Nitrogen and phosphoric acid 

53.1 

8.94 

5.94 

Nitrogen and potash 

48.0 

8.92 

5.38 

Nitrogen and potash 1 

54.1 

9.06 

5.97 

Nitrogen, pliosphoric acid and potash.! 

47.7 

' 8.80 

1 

5.42 

Nitrogen, phosphoric acid and potash. j 

53.6 

1 8.63 

I 

6.21 

Phosphoric acid and potash ! 

32.1 

1 9.29 

3.45 

.Phosphoric acid and potash j 

29.4 

! 9.32 

3.15 


The response to 175 pounds of nitrogen amounted to over two tons of sugar 
per acre. Neither phosphoric acid nor potash, alone or together, produced any 
profitable gaius. 

A soil analysis from this field showed the soil to be well supplied with both 
of these plant foods. The amounts found were as follows: 

Citrate soluble P 20 r,=: .0095% 

Total acid soluble potash .394%. 

As a result of soil studies in connection with our field experiments we do 
not expect any response from phosphate or potash fertilization from soils such 
as the above. 

In times of low sugar prices, when careful economies are in order, in fields 
such as the above, it would seem best to use nitrogen only for a limited series 
of years or crops. Of course this cannot be carried on indefinitely, as the time 
will come when the.se soils will need phosphoric acid and potash. 


Details of Experiment. 


Object: 

To determine which of the three main plant foods, nitrogen, phosphoric .acid and 
potash, is lacking. 

Crop: 

D 1135 and Bose Bamboo, planted September 1919; harvested in .Tnnuary 1922. 

Location: 

Maui Agricultural Co., Keahua Section, field 83. 

Layout: 

Fifty-four plots, each 1/16 acre (63'x69'), composed of 14 lines two watercourses 
long. Each plot contains two varieties and each variety occupies 7 linos two 
watercourses long. 
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Plan: 


Fertilization in Pounds per Acre. 


Plot 

No. of 
Plots 

1 

November 1919 I 

1 

. i 

N. 1 1*203 1 KzO 

Feb. 

1 1920 

i N. 

April 

1920 

1 

N. 

Total 

i l^aOs 1 

' 1 

K 20 

X 

11 ! 

1 58.3 1 

100 1 60 

' 58.3 

58.3 

175 

__ 

O 

o 

60 

J 

! 1 

1 58.3 j 

• 

• 

o 

o 

58.3 

58.3 

175 

100 

, , 

K 

:■ 11 i 

I 58.3 , 

... j 60 

: 58.3 1 

58.3 

175 

... 

60 

L 

11 ! 

1 58.3 , 

... j • • 

58.3 

58.3 

175 

... 

, , 

M 

1 10 ' 

j .... , 

100 . 60 

« • • • 

.... 

• • # 

100 

60 


N. = Nitrogen, half nit. soda, half anim. Bulf. 

1*20-, = Phos. aeid from aci<l jdiOHphate, 

K20 = Potash from sulf. of potash, 48' r 

KXPERliMKXT NO. 9 — XrMBER Ol^' APPLICATIONS OF 

i^T:RTlLIZER. 

In this test we tried ai)plying‘ a given amount of fertilizer in two, three and 
four a[)plications. All plots received complete fertilizer, at the rate of 175 pounds 
of nitrogen, 100 pounds of P-Or, and 00 pounds of KoO per acre. 

Hie results obtained are tabulated as follows: 


Variety 

1 

Treatment 

Tons ])er 

Acre 



Cane 

Q.B. 

1 Sugar 

n 14(5 .... 

Two ajijilicatioiis 

40.8 

9.10 

4.51 

1) 1135 . . . 

Two apidicatunis 

.53.2 

8.99 

1 5.97 

H 146 .... 

Three applications . . 

38.9 

9.22 

! 4 2 ** 

I) 1135 . , . 

Three applications ... 

50.4 

10.01 

, 5.04 

H 146 

Four ap])Iications .... 

41.8 

9.57 

i i.ar 

1) 1135 . . . 

Four ap]dications . . . 

,54.. 3 

9.64 

1 5.63 


h>oni the above we see that the best results were obtained when all the 
fertilizer was applied in two doses rather than in three or four. This is in com- 
plete accordance with our results elsewhere. 

The main advantage to the apjilication of fertilizer in few doses rather 
than many lies in the fact that the fertilization is finished earlier during the 
second season, and better juices are obtained. 


Pctails of li.vfcriwcni. 


Object: 

To detormino tho best titrte and nuinber of applications in winch to apply a given 
amount of fertilizer. 

Xiocatioii: 

Field 83, Keahna iSection. 
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Crop: 

H 146 and D 1135 plant cane, planted September 1019; harvested Jnnuarjr 1922. 

Layot: , 

Number of plots: 44. 

Size of plots: 1/10 acre (63'x69'), composed of 14 straight lines each two water- 
courses long, or 28 single lines 4.5'x 34.5'. Each plot contains two varieties and 
each variety occupies 7 lines two watercourses long. 

Plan: 


Plot 

No. of 
Plots 

November, 1919 

Peb., 

1920 

April, 

1920 

June, 

1920 

Total Pounds per Acre 


K. 

P2O0 

K20 

N. 

N. 

N. 

. 

N. 

P2OB 

K20 


N 1 

12 1 

58.3 

100 

60 

116.6 

.... 

.... 

175 1 

100 

60 

X 

12 

58.3 

100 

60 

58.3 

58.3 

• • . • 

175 1 

100 

60 

0 

12 

58.3 

100 

60 

38.8 

38.8 

38.8 

175 { 

100 

60 

p 

12 

58.3 

100 

60 

— 

116.6 

.... 

176 j 

100 

60 


N. from 17%% nitrogen mixture, half nit. soda, half sulf. ammonia. 
PgOs from acid phosphate 16% P2O5. 

KjO from sulfate of potash = 48% K2O. 


EXPERIMENT NO. 10— FORMS OF NITROGEN. 

Equal amounts of nitrogen from various sources were compared in this 
test. The results obtained are summarized below: 


Variety 

i 

Treatment 

T( 

Cane 

i 

)ii8 j)er Acre 

Q. B. j Sugar 

Striped Mexican.. 

Nitrate of soda 

58.0 

9.61 

6.04 

D 1135 

Nitrate of soda 

56.1 

9.52 

5.89 

Striped Mexican,. 

Sulf. of ammo 

56.0 

9.26 

6.04 

D 1135 

Sulf. of ammo. 

56.0 

9.74 

5.75 

Striped Mexican..! 

Half nitrate of soda, half sulf. of ammo. 

55.0 

9.02 

6.10 

D 1135 

Half nitrate of soda, half sulf. of ammo. 

53.6 

9.51 

5.64 

Striped Mexican,. 

Dried blood 

55.6 

9.33 

5.94 

D 1135 

Dried blood 

49.8 

9.22 

5.40 







The yields obtained were practically identical for all treatments, except that 
nitrogen from organic sources was not quite as good, and was the most ex- 
pensive per unit. 

The above is in line with results obtained at other places. The best re- 
turns are obtained where the ifitrogen is in quickly available form. This holds 
good for the wet districts as well as the dT]^ ones. , 
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Details of Experiment. 


Object: 

To compare the value of nitrogen as: (1) Nitrate of Soda, (2) Sulfate of Ammonia, 
(3) Mixture of Nitrate and Sulfate, (4) Dried Blood. 

Location: 

Field 83, Keahua Section. 


Crop: 

f) 113o ami Striped Mexican plant cane, planted September, 1919; harvested Janu- 
ary, 1922. 

Layout: 

Number of plots: 48. 

Size of plots: 1/10 acre (():Vx69'), eomjiosed of 14 straight lines two watercourses 
long, or 28 single lines 4 . o'x 34 . .1'. Each ]>lot contains two varieties and each 
variety occujnes 7 lines two watercourses long. 

Plan: 


Plot 

No. of ! 
Plots 1 

Form 1 
Nit. ; 

November, 

X. I*o0.-. 

1919 

K^O 

. Feb., 
i 1920 

N. 

April, 

1920 

A 

N. , 

1 Total Pounds 

X. 1 P-Or, 1 

1 I 

KoO 

^ 

12 


58.3 

100 

00 

' 58.3 

58.3 

175 1 

100 

60 

R 

12 

K. A. 
(Nit. 

1 

100 

00 

58.3 

58.3 

175 

100 

60 

X 

12 

^ Sul. 
[Mix. 

^ Dried i 

1 Blood 


100 

00 

.18.3 

58.3 

1 75 

loo i 

60 

S 

12 

58.3 

100 

()0 

i 58.3 

58,3 

175 

100 

1 

60 


X. 8.=^ lo.oVf N. 

S. A. = 20.r)V; N. 

Nit. Sulf. Mix. = }7Yy/f N. (half N. 8., half S. A.). 
Blood = 12% N. 
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Hie Soil Solution by Displacement. 


By W. T. McGeorge. 

There has recently appeared in Soil Science an article by F. W. Parker of 
the Wisconsin Experiment Station dealing with the different methods of study- 
ing the soil solution. 

He divides the methods which have been used into three classes as follows: 

(a) Methods involving extraction with comparatively large amounts of 
water, 

(b) methods which aim to measure the concentration of the soil solution 
directly in the soil, and 

(c) methods which aim to obtain the true soil solution. 

The advantages possessed by the water extraction method have caused its 
extensive adoption as a method of studying the soil solution as well as the more 
available plant food. Its limitations are admitted, however, and the results 
obtained thereby represent the partial sf)lvent action of w-ater, rather than the 
actual soil solution. The comparative value of such data is further limited 
by the numerous physical and chemical f.'ictors which govern the concentration 
of the organic and inorganic constituents in the water extract, so that the same 
ratio of water to soils will not yield directly comparable extracts on all types. 
A ratio of one part soil to five parts wafer is the most wi<lely ailopfed ]iroced 
lire, and while this ratio is more or less arbitrary it has been ajijilied extensively 
to local soils. 

Under the methods of measuring the concentration of the soil solution di- 
rectly in the soil, attention is called to the determination of the freezing jioint 
of the soil solution and its electrical conductivity. These methods are, however, 
limited to the concentration and will not lead to information regarding the com- 
position. 

Methods of isolating the soil solution, itself, may be classifie<l as follows: 
Centrifugal, pressure, and displacement methods. Centrifugal methods have 
yielded only small amounts of soil solution even in soils of high moisture con- 
tent. Pressure methods, while they have been applied successfully by several 
investigators, require a rather complicated apparatus and yield only from soils 
of high moi.sture pontent. This method was tried out on Hawaiian soils by P. S. 
Burgess, but since there is no record of his results it is assumed that it was not 
adapted. While the displacement of the soil solution is not a recent idea, its 
practical application has apparently been revived by Mr. Parker, who has ap- 
plied it with excellent results on Wisconsin soils. Its simplicity is a strong 
factor in its application. 

In our studies on Hawaiian soils it is justifiable to assume that any method 
which would throw some light upon the composition of the soil solution, on which, 
'after all, the plant is dependent for its minSal plant food supply, would be of 
no small value. Previous work has shown the numerous variations or fluctua- 
tions of the soil solution due to seasonal changes, fertilization, rainfall, crop growth 
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and biological activities. These will govern the limitations of the method as a 
means of determining plant food deficiencies, but it should be ideally adapted 
for studying soil changes. The desirability of a reliable method for determin- 
ing the concentration, composition, mineral ratio, and other factors, which a 
knowledge thus obtained would give us, is apparent. Some time has therefore 
been devoted to a study of the displacement method developed by Mr. Parker 
as applied to Hawaiian soils. 

The method consists in packing the soil in a glass cylinder or percolator. 
The displacing Ikiuid is then i)oured on top of the soil column and as it pene- 
trates the soil it displaces some of the soil solution which forms a zone of satura- 
tion beknv the displacing liquid. This is gradually forced downward until finally 
die soil solution drops from the soil as gravitational water. 

The only apparatus reejuired is a glass cylinder in which to pack the soil, 
its size depending ui)on the amount of soil it is desired to work or the volume 
of soil solution sought. In our work, glass cylinders (2" diameter) holding 800 
grams of soil and glass percolators (3*4" x holding 3000 grams of soil 

were used. 

Mr. Parker com[)ared the displacing value of several licjuids, of which ethyl 
alcohol jiroved best adapted. It was therefore adopted without further study 
as a disj)lacing liquid in this work. 

MkTIIOI) ok PKoOKOrKK. 

W’e liaxe in the nitrales a '-oil component, which \or all practical i)ur]>oses 
may he accurately determined by extracting the s»)il with water. It is therefore 
evident that any method of separating the soil solution from the soil ])articles 
should yield a solution the nitrate content of which is com])arable, w’hen reduced 
to an equal basis, with that determined by extraction. Hence the nitrate deter 
minati(Ui w^as adopted as a means of checking the true soil .solution. 

In ])acking the soils it w'as found to be very essential that a uniform pack 
be obtained. This may he accomplished by carefully and continually tamping 
with a wooden rod ( -Vy' diameter) while the soil is being slowly ])oured into 
the cylinder. A little exi)erience may be necessary to judge the degree of firm- 
ness wdiich allows be.st i)ercolation. This is governed by moisture content and 
physical texture. Tn the more sandy types there is no danger of puddling, but 
in the clay and silty k'lams the highest moisture content at wdiich the soil may 
be squeezed in the hand without puddling seems best adapted to the conditions 
of the experiment, although a slightly lower moisture content iiermitted more 
rapid percolation. 

The time required for complete displacement varied from three hours in a 
sandy loam to approximately one w^eek in a heavy clay. The time of displace- 
ment in the clays was decreased to as little as tw^enty-four hours by working at 
lower moisture content. The solution obtained requires no filtration, being per- 
fectly clear, clouding rapidly, however, on standing, due to absorption of carbon 
dioxide from the air. 

Eleven soils, representing a wide range of Island types, were used in this 
work. Total soluble solids was obtained by evaporating 50 cc. of the soil solu- 
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tion to dryness in a platinum dish and nitrates coloremetrically by the phenol- 
disulphonic acid method, using 10 cc. of the soil solution. 

Results aye given in the following table and are calculated to parts per 
million solids and nitrates in the nioisture free soil. Moisture content of the 
soil is also given to show the amount present in the soil as used. 

TABLE I. 

TABLE SHOWING VARIATION IN CONCENTRATION OF SOIL SOLUTION AND 
COMPARING NITRATES BY DISPLACEMENT AND EXTRACTION. 


Boil 

j 

Total solids 
p. p. mil 

1 water free 
soil 

Nitrates 
p. p. mil by 
displace- 
ment 

Nitrates 
p. p. mil by 
extraction j 

Per cent 
moisture 
in soil 

1. 

Maui Agri. (red elay) 

].">() 

8.5 

8.7 

20.0 

2. 

Oahu Field 45 (red clay) 

! 184 

7.5) 

8.1 

24.4 

3. 

Pioneer (red clay) 

75 

4.0 ! 

3.9 

22.4 

4. 

Station soU (brown silt) 

'157 

5.2 

4.9 

20.0 

0. 

Hakalau (ytjllow clay) 

1 249 

1.3 

3.9 

1 45.6 

6. 

Onomea (yellow clay) 

337 

Trace 

8.1 

36.8 

7. 

Hilo Sugar (yellow clav) 

200 

3.6 

6.6 

44.4 

8. 

Hilo Sugar (vcllow clav) 

322 

3.5 

6.5 

43.8 

0. 

Honolulu Plant, (red clay) 

55)3 

1 21.6 

26.5 1 

1 28.0 

JO. 

Waialua (red silt) j 

421 

1 25.1 

31.7 i 

31.0 

Jl. 

Honokaa (silty sand) | 

165) 

15.7 

14.6 

S 31.0 


The results, with the exception of soils numbers 5 to 8 inclusive, as judged 
by the nitrate content, indicate the true soil solution to have been obtained. The 
exceptions are of the yellow clay type which predominates in the Hamakua coast 
district on Hawaii, possessing high moisture content and high degree of hy<lra- 
tion. Two possible explanations of the results obtained suggested themselves. 
Either the true soil solution was not obtained in these soils or nitrates were 
lost during displacement by denitrification. 

Since these soils were packed very tightly and percolation was extremely 
slow, loss of nitrate appeared the most plausible explanation. In order to test 
this out, nitrate determinations were made at different depths in soil number 7 
as taken from the glass cylinder about one week after displacement had been 
completed. The top layer, dried out, .showed a faint trace of nitrate, probably 
from subsequent nitrification, while no nitrate was present in the lower depths, 
indicating that the nitrates had entirely disappeared during the displacement. 

In order further to prove this, three soils, a sandy loam, a silty loam, and 
a clay loam, all high in nitrates, were packed in percolators and alcohol was poured 
on top of the soil. Nitrate determinations were made on the first portions of 
the displaced solution and the last portion preceding that in which alcohol con- 
tamination was apparent. In the sandy soil, displacement was complete in three 
hours, 300 cc. from 2000 g^ams or 49% being obtained. Both the first and last 
portions checked exactly, 15.7 parts per million nitrogen as nitrate. However, 
this soil solution, on standing in a tightly corked flask two days, decreased in 
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nitrate nitrogen from 15.7 to 8.5 parts per million. The other two soils per- 
colated more sluggishly, the silty loam yielding 250 cc. in two days and the clay 
loam 150 cc in two days. The analysis of the first and last portions as above 
showed the former to have dropped from 25.1 p. p. m. in the first portion to 
0.94 p. p. m. in the last, while the clay dropped from 26.5 to 0.19 p. p. m. 

These results clearly prove the discrepancies in Table I to be due to deni- 
trification, and indicate that where the nitrate determination is used as a check, 
determinations should be made only on the first portions of the displaced solu- 
tion in all cases where displacement is sluggish. 

In view of these i)romising results the work was further extended to com- 
pare results obtained by the water extraction methods and the soil solution by 
displacement. Kxlractions were made using ratios of 1:1, 2:5. and 1:5 ])arts 
soil to water. Soil and water of the abov^ proportions were shaken for three 
I’.ours in a shaking machine, filtered through Pasteur tubes and total solids de- 
termined by evaporating 50 cc. of the filtrate to dryness on the steam bath. 
1'he results arc given in 'Fable 1 1, calculated to and comparing p. p. m. water 
free soil and in the solution obtained. It will be noted that there is considerable 
variation, but in most cases an extraction rati(^ of 1 :1 dissolves amounts of solids 
closely related to that of the soil solution if both are calculated in terms of water 
free "'oil. 'Fhis does n(»t apply universalK, for the reason that extraction metin 
ods, regardless of solvent, will var\ on the difTereni soil types, depeinling tipoii 
certain chemical and ph\sical inlluences. 


TAHLK II. 

(HJMP.MMNd KXTJtAOTIOX AXh I )ISPI.A( KM KX1’. 


Soil 

(i‘. 1' 

mil. water free soil) 

(K. 

1 ». mil. 

ill solution) 

H »0 ill 

1 ; 1 

2 : 5 

1 : 5 

I)isp. 

1 : 1 

2 : 5 

1 ; 5 

Disp. 

Soil 

Oahu Field 45 

194 

100 

92 

572 

211 

298 

639 

184 

24.4 

Pioneer 

104 

80 

48 

300 

113 

235 

323 

75 

22.4 

Station soil 

154 

119 

94 

630 

160 

.342 

611 

157 

20.0 

Hakalau 

IttO 

136 

128 

298 

199 

481 

1292 

249 

45.6 

Onoiiica • 

142 

100 

64 

580 

163 

229 

544 

337 

36.8 

Hilo Su^ar 

198 

152 

90 

350 

237 

532 

884 

200 

44.4 

Hilo Sugar 

142 

94 

68 

254 

1 170 

327 

679 

,3 ‘^2 

43.8 

Honolulu Plantation . . 

; 48«‘i 

274 

232 

1524 

i 547 

842 

1702 

593 

28.0 

Waialua 

286 

170 

82 

936 

324 

535 

681 

421 

31.0 

Honokaa 

160 

90 

60 

376 '! 

1 181 

2S3 

461 

169 

31.0 


Discussion and Ww.vk of ]\1kthoi). 

These results, it is believed, prove that the disi^lacement method, using ethyl 
rdcohol as the displacing liquid, gives the true soil solution with Hawaiian soils. 
It can be used at a wide range of moisture content, and in those cases in which 
data were collected to show the per cent recovery a variation of 16 to 60 per 
cent of the water present in the soil was recovered. The maximum recovery 
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is possible in all cases in which careful note of and allowance for moisture is 
made. The puddled condition resulting from working soils of too high moist- 
ure content was in extreme cases found to prohibit displacement' entirely. 

The data m Table I indicate a wide variation in the concentration and com- 
position of the soil solution in Hawaiian soils. Apparently lime is an important 
factor, as the highest concentration is noted in the high lime and the lowest in 
the low lime soils. 

Further data are submitted in Table III, showing the variation in lime, pot- 
ash and phosphoric acid in seven soils and three subsoils. The results are ex- 
pressed in parts per million in water free soil and are submitted simply to illus- 
trate variations. Comment must necessarily be reserved for further accumula- 
tion of data. However, attention is called to the low phosphoric acid figures 
and the high potash results obtained on the high lime soils. 

TABLE III. 

SHOWING CaO, K^O ANB PaO.-, IN DISPLACED SOIL SOLUTION CALCULATED 

P. P. MIL. HoO FREE SOIL. 



Limo 

CaO 

Potash 

KoO 

Pliosphorii* 

Acid 

Waimanalo soil 

35.6 

23.2 

.6 

Waimanalo subsoil 

28.2 

16.3 

Trace 

[Waimanalo soil 

11.9 

9.5 

1.3 

IWaimanalo subsoil 

j 6.9 1 

2.3 

Trace 

jWaiinanalo soil 

i 38.9 

4.1 

Not det. 

Oahu soil 

i 24.3 

1 16.5 

.9 

Honokaa subsoil 

j 12.1 

i 10.8 

Trace 

Honolulu Plantation soil 

I 62.3 

19.0 

3.3 

Waialua soil 

j 41.0 

22.9 

.3 

Hakalau soil 

1 54.1 i 

i 21.0 

Not det. 


We know that the soil solution is saturated only with respect to the par- 
ticular system existing at any given time, that it is constantly undergoing modi- 
fications of sufficient proportions to require an examination of the soil solution 
at frequent intervals in order to derive complete value from the analyses. The 
wide variation in concentration, however, to be noted in Tables I and III, indi- 
cate a possible value as a means of ascertaining in a limited way plant food de- 
ficiencies in our soils. An extensive comparison of the soil solution from good 
and poor fields would be necessary to answer this. 

Its principal value appears to lie in its adaptation to studying soils in which 
toxic constituents are suspected and those in which a knowledge of the changes 
in plant food due to plant growth, fertilization, rainfall, irrigation, etc., is de- 
sired. In order to illustrate, a series of samples taken from Experiment 6, Oahu 
Sugar Co., field 45 (an upland red clay soil), were treated by the displacement 
method given above. In this experiment all plots have received the same potash 
and nitrogen application — namely, 60 pounds potash from muriate and 150 pounds 
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Total Solids lEU!) 1 o 1-J7.7 121.4 



nitrogen from sodium nitrate per acre. In addition the X plots received no 
phosphoric acid, the A plots 180 pounds phosphoric acid per acre from reverted 
phosphate, the B plots 90 pounds from reverted phosphate, and the C plots 90 
pounds from acid phosphate. Fertilizer was applied in February, 1921, with an 
additional dose of nitrogen only in May, 1921. The soil samples were taken in 
December, 1921, ten months after the application of the fertilizer. The cane 
was approximately one year old from second ratoons. All plots were thoroughly 
sampled in order to obtain a representative sample. The analyses are given in 
Tables IV and V, the total .solids being determined separately as shown in Table 
IV, and the soil solutions from similar plots combined for the determination of 
potash and lime. 

The data presented here are very concordant and illustrate very clearly the 
value of the method for studying fertilizer applications. There is practically 
no difference in the moisture content of the samples from the sixteen plots, a 
very fortunate circumstance in comparing the concentration of the soil solution 
as obtained from this series. Variation in total solids agrees very closely with 
fertilizer applications. The lime in solution is as would be anticipated, also. 
The phosphate rc.sults showed a very low concentration, only a trace being in- 
dicated in the colorimetric determination. All jdots received the same potash 
application and the higher concentration in the X plots may be due to the ])oorer 
growth made in the plots to which no phosphoric acid was applied with the ac- 
companying lower drain on the soluble plant food. 

In applying the method to a comparison of the relative concentration of the 
soil and subsoil solutions, three soils with their respective subsoils were treated 
with alcohol as above and the determinations given in the following table were 
made. 


TABLE VT. 

SHOWING TOTAL SOLIDS AND LIME IN SOIL AND SUBSOIL SOLUTION, 

P. P. M. WATER FREE SOIL. 



Water ! 
in Boil 1 

j 

Total 

Solids 

Limo 

CaO 

1. Brown clay soil 

20.0% 

133 

11.9 

1. Brown clay subsoil 

25.0% ! 

65 

6.9 

2. Dark greyish clay soil 

24.0% 

262 

38.9 

2. Dank greyish clay subsoil 

24.8% 

241 

39.1 

3. Bed clay soil 

21.0% 

292 

35.6 

3. Bed clay subsoil 

29.0% 

230 

28.2 


Little comment on the above is necessary. The results are as would be 
anticipated in comparing soil and subsoil, namely, a lower concentration in the 
subsoil solution. 
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Conclusions. 

1. Using ethyl alcohol as a displacing liquid, the true soil solution may be 
obtained from Hawaiian soils. 

2. In a majority of the soils used, the displacement method gives approxi- 
mately the same amount of total .salts as a 1:1 extraction with distilled water. 

3. The method is especially adapted to a study of the composition of the 
soil solution as influenced by fertilization, ]>lant growth, irrigation, temperature 
and other factors and for studying variations between good and poor fields. 

4. The principal limitation lies in the taking of the soil sample. If the soil 
at time of sampling is too wet it becomes puddled thereby and its proper packing 
in cylinders for displacement is impossible. Drying out in the laboratory after 
bringing from the field is impractical, due to the increase in the solubility of the 
soil constituents resulting therefrom. It is therefore essential that attention be 
given to this point. 


Nitrogen Gives Results at Lihue. 


LiJU'E I’l-ANTATION Co. — Em’euiment 5, 1922 CkOI’. 

'I'liis is. an experiment to determine the economic limit in nitrogen appli- 
cation on plant cane at Lihue. It is of unusual significance and importance since 
beneficial results were obtained here on plant cane on land very similar to neigh- 
boring drove Farm fields, situated at about the same elevations, in which the 
plant cane did not respond to nitrogen. 

These diflferences in response to nitrogen fertilization arc probably due to 
the fact that Grove Farm fields are pastured and green fallowed for three years 
between cane crops. 

The cane was Yellow Caledonia, planted in April, 1920, and cut back in July. 

A uniform dose of 240 pounds of molas.ses ash per acre was applied to all 
plots in July, 1920, and a uniform dose of 500 pounds of reverted pho.sphate was 
applied to all plots the first of August. 

It was originally intended to apply the nitrogen in three equal doses in 
August, January, and March. It was necessary to change this plan, however, 
and the first do.se was applied in October, 1920, and the other two doses were 
combined and applied the last of February, 1921. 
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Exr 5. Amount Of Nitrogen, 

Exp 6. Amount Of Phosphoric Acid. 
Exp. T. Plant Food Requirements. 

Lihue Plantation Co. Exf>T5.5.6!i:T,i3E2CROP 
Field 13. 



EXP. 5. 
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Amount Of Nitrogen. 
Lihue Plantation Co. Exp. 5 , 1922 crop 
Cane 



In addition to the potash and phosphates a)iplied the amounts of nitrogen 
applied are given in tabular form as follows: 

Nitrate of Soda per Acre, 


Plot 

No. of j 
1/10 Acre: 
Plots ; 

October 

! 

1 

February 

Total 

Nitrogen 

X 

16 1 

i 

’... 


A 

15 i 

161 I 

323 

75 

B 

i 

323 ; 

646 

150 

C 

17 1 

484 j 

968 

225 


The harvesting results obtained from this experiment were as follows: 


Smmnary of Results. 


i 

Plot 

Nitrogen 

per 

yields per 

Acre 

Gain or 
X 

Loss Over 

Plots 

i 

Acre 

Cane 

Q. R. 

Sugar 

Cane 

1 Sugar 

X 

' ... 

34.44 

8.1 

1 4.25 


.... 

A 

i 75 


8.0 

' 5.51 

9.64 

1.26 

! B 


49.82 

8.6 

; 5.79 

15.38 

1.54 

C 

225 

49.51 

8.7 

1 5.69 

1 15.07 

1.44 j 


In this experiment there was a decided gain, both in cane and in sugar 
from 75 pounds of nitrogen. While an additional 75 pounds of nitrogen per 
acre appreciably increased the amount of cane, the quality of the juice was low- 
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ered and the resulting increase in sugar was not so marked as with the first 75 
pounds. Increasing the nitrogen to 225 pounds gave no further increase in 
cane, and lowered the quality of the juices slightly. 

Dktails of Experiment. 


Object: 

To determine tlie eeonoinie limit of iiitroj^en to iijiply as jiitijite of soda under con- 
ditions at Liliiio Plajitation Co. 


Location: 

Field 13. 


Crop: 

Yellow Cfiledonia, plant. 

Layout: 

. Number of plots: 65. 

Size of plots: 3/10 nerc (40.3'x 108'), composed of 24 straight lines one watercourse 
long. 

Rows 4.5' wide and 40.3' long. 

Plan: 


Fertilization — Pounds per Acre. 


j 

Plots 

' 

No. of 
Plots 

May, 

1920 

October, 1920 

N. S. 
I^eb., 

1921 

Total 

Nitro. 

R. P. 

M. A. 

N. 8. 

N. 8. 

! X 

16 

500 

240 

• • • 

' 



: A 

15 

500 

240 

161 

. . • 

323 

75 

: B 

17 

500 

240 

323 

• • • 

646 

150 

I n 

1 ^ 

17 

500 

240 

484 

• * • 1 

968 

225 


Fertilizer — Nitrate of Soda: 15.5% N. 

Experiment planned by J. A. Verrot, B. S. Thurston and J. IT. MidikifF. 
Experiment laid out by B. S. Thurston and J H. Midkiff. 

Experiment fertilized and harvested by .T. H. Midkiff. 

Chemical analyses by B. Henderson. 


J. II. M. 
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Phosphate Experiment at Lihue. 


Liuue Pi^ANTATioN Co.Mi’ANv — Exteriment 6, 1922 Croi’. 

This experiment was designed to determine the value of phosphate on land 
lying through the central part of Lihue I’lantation. It is neither in the inauka 
section of the plantation, where it is generally conceded that phosphates give 
results, nor in the makai section, where phosjdiates are generally thought to be 
unneeded. 

The cane was Yellow Caledonia, planted in April 1920, and cut back in 

Jwiy- 

A uniform dose of 240 pounds per acre of molasses ash was applied to all 
the plots in Jujy 1020. All plots received nitrogen in nitrate of soda applied 
at the rate of 150 pounds of nitrogen, or 068 pounds of nitrate of soda, per 
acre. 

The reverted phosphate was ai)plied in the line to the cane in August, soon 
after the cane started to send its shoots up after the cutting back. 

A summary of the fertilizer a])plications follows: 


Fcrtilhcr per Acre- 


Plots 

R(*v. Phos. 
August 

Molasses 

Ash 

1 

Nitrate of Soda 

October , February 

X 

1 A. 

240 

323 

646 

I) 

i 500 

240 

323 

646 

E 

1,000 

240 * 

; 323 ' 

646 

E 

1,500 ; 

240 1 

323 

646 


The harvesting results obtained from this exi)criment were as follows: 


PJots 

N(». of 
Plots 

1 

I’yOr, 

Tr<\'itmeiit 

N. 

K 20 

Yields per 

Cane | Q. R. 

Acre 

, Sugar 

X 

U 1 


; 150 

60 

49.09 

8.0 

6.25 

J) 

33 

70 

, 150 

60 

52.15 

1 

: 8.2 

6.36 

E 

13 

140 

150 i 

60 

54.30 

i 8.5 

i 6.39 

F 

13 

210 

! 150 ; 

60 

52.91 

! 

8.5 

: 6.23 


Gain or Loss Over 
X Plots 

Cane j Su^ar 


+ 2.16 ! +0.11 
+ 4.31 I +0.14 
+ 2.92 j —0.02 


In this experiment all a])plications of phosphates gave small increases in 
cane, although 500 pounds of reverted phosphate gave i)ractically the same in- 
crease in cane as 1500 pounds. 

While these gains are small, the need for phosphates is shown, and w^e feel 
that they should be added. We believe that the phosphate needs of this soil are 
now taken care of by the P 5 O 2 in the high grade fertilizer used, and that no 
extra applications are called for. 
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Details of Experiment. 


Object: 

To determine the value of applying reverted phosphate under conditions at Lihue 
Plantation Co. 


Location: 

Field 13. 


Crop: 

Yellow Caledonia, plant. 

Layout: 

Fifty-three plots, each 1/10 acre (40.3'x 108'), composed of 2 4straight lines one 
watercourse long. Bows 4.5' wdde and 40.3' long. 

Fertilization — Pounds per Acre. 


Plots 

No. of 
Plots 

Lbs. of 
Rev. Phos. 
Aug,, 1920 

Aug. 

M. A. 

Oct. 

N. S. 

Feb. 

N. 8. 

Total 

N. 

X 

‘ 14 


240 

323 

646 

150 

1) 

13 

500 

240 

323 

646 

150 

E 

13 

1,000 

240 

' 323 

646 

150 

F 

13 

1,500 

240 

1 323 

646 

150 


Experiment planned by J. A. Verret, E. S. Thurston and J. II. Midkiff. 

Experiment laid out by R. S. Thurston and J. H. Midkiff, 

Experiment fertilized and harvested by J. II. Midkiff. 

Juice analyses by B. Henderson. 


J. H. M. 
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> Plant Food Requirements. 

Li hue Plantation Co. Exp. T, 192a crop 

Plant Cane 

Tons Tons 



H 

1 

j 

K 

L 

I50*N. 

150* N. 

(50*N. 

— 

150* N. 

— 

70*Fl0s 

— 

70*Fi0i 

70*ROs 

— 

— 

60*Kz0 

60*Kt0 

60*Ka0 


Cane 


Sugar 



Plant Food Experiment at Lihue. 


Liiuje rLANTX'iioN O). — Ilxpkkiment 7, 1922 Crop. 

This is a plant food experiment to determine the value of nitro^^en, phos- 
phates and potash. Like Ex])eriment 5 in the same field, it tests the value of 
nitrogen; like Experiment 6, it deals with i)hos[)hates. Jn addition it checks on 
the value of potash under these conditions. 

The cane is Yellow Caledonia, planted April E)20, cut back in July. 

The molasses ashes and the reverted phosphate were applied to the cane 
soon after it had begain to send out its new shoots after cutting back. The nitro- 
gen was applied in October 1920, and Eebrnary 1921. 

The fertilizer applications are given in tabular form as follows: 


Plots 

Pounds per Acre 1 

July 

August 

October 

Fobruury j 

II 



82.3 N. S. 

040 N. 8. ! 

I 


500 R. P. 

823 N. S. 

040 N. S. i 

J 

240 M. A. 


828 N. S. 

040 N. 8. : 

K 

240 M. A. 

500 R, P. 


i 

L 

240 M.A. 

500 R. P. 

828 N. S. 

040 N. H. j 
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The results obtained from harvesting this experiment are as follows: 


Plots 

Yields per Acre 

Gain or Loss Over 

Check H Plots 

Cane 

Q. E. 

Sugar 

Cane 

Sugar 

H 

45.71 

7.8 

5.86 



1 

48.63 

7.7 

6.32 

+ 2.92 

+ 0.46 

J 

45.85 

7.8 

5.88 

+ 0.14 

+ 0.02 

K 

35.26 

7.6 

4.64 

— 10.45 

— 1.22 

L 

45.02 

7.8 

5.77 

— 0.69 

— 0.09 


Checking closely with the results of Experiment 5, the addition of 150 
pounds of nitrogen gave an increase of approximately one and one-ciuarter 
tons of sugai per acre. Like Experiment 6, the addition of 500 pounds of re- 
verted phosphate per acre gave a slight increase in cane. In this experiment 
tlie juice was not lowered by the addition of phosphate and nearly half a ton 
more sugar per acre resulted from the phosphate application. Potash apparently 
had very little effect in the yield of cane or sugar, the differences in the yields 
hciiig within the limits of experimental error. 

Details of Experiment. 


Okject: 

To detormine the plant food requirements of sugar cane under condition at Idhuo 
Plantation Comi)any. Comparisons are made between: 

1. Nitrogen. 

2. Nitrogen and Phosphoric acid. 

3. Nitrogen and Potash, 

4. Nitrogen, Phosphoric Acid and Potash. 

5. Phosphoric Acid and Potash. 

Location: 

Field 13. 


Crop: 

Yellow Caledonia, plant. 

Layout: 

There were 63 plots, each 1/10 acre (40.3'x 108'), composed of 24 straight lines one 
watercourse long. Bows 4.5' wide and 40.3' long. 

Plan: 

Fertilization — Pounds per Acre. 


Plots 

No. of 
Plots 

July, 1920 


Jan., 

1921 

N. S. 

March, 

1921 

N. 8. 

Total Pounds 

N. S. 

E. P. 
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N. 8.= 15.5% N. E. r.=:14% PoO.v M. A.=::25% K 2 O. 

Exporiment pl.'iniied by J. A. Vcrret, E. S. Thurston and .1. H. Midkiff. 
Experiment laid out by E. S. Thurston and J. H. Midkiff. 

Ex])eriment fertilized and harvested by J. H. Midkiff. 

Analyses of juice saniiJles by B. Henderson. 


J. II. M. 


Something About Separators.^ 


r.y w. II. \V.\KKM.\N. 

'riircc nualcni hii;h-siK‘C(l engines were used to sniiplx power for a certain 
inannfaclnring plant. 'Jliey were removed and replaced by three turbines. 'Fhe 
.sole reason for the exchange was that all exhaust steam was wanted for use in 
the works, but inasmuch as the exhaust contained more or less cylinder oil on 
coming* from the engines, the turbines were adopted, because they used no cylin- 
der oil. 

A dealer claims that he supplied one se]>arator to another plant, with the 
expectation of furnishing more provided the fir^t removed all cylinder oil from 
the exhaust steam and the others were delivered in due time. If it was possible 
to secure this result in one case, why could it not have been done in the other? 
dianging the prime movers was much more expensive than it would have been 
to install separators. If there was any difference in the steam consumption, it 
had no weight in arriving at a decision in this case, because all exhaust steam 
was used to advantage in manufacturing processes. Several other dealers in 
separators claim to secure practically the same results. Why are failures along 
this line frequently found? 

One reason is because some cylinder oils are much more viscous than oth- 
ers. As this quality may be defined as ''sticky,” it means that some kinds excel 
others in cleaving to the iron .surface with which they come in contact, hence 
if a certain separator docs not remove all the oil, a simple and inexpensive ex- 
])CPment may be tried by substituting other brands of oil until better results 
are secured or the sc])arator is i)roved to be responsible for the failure. 

The chief cng*inccr of a mill found that the exhaust steam from his engine 
contained oil. The separator was located next to the engine and beyond it, a 
feed water heater. When the Ux^ation of these two appliances was changed to 
that illustrated in Fig. 1, the cylinder oil was removed from the exhaust steam, 
and this was the only change made. The philosophy of the operation and suc- 
ceeding practice is that when cold water was pumped into the heater and a por- 
tion of the steam condensesd in the ])rocess of heating the water, the resulting 
drops of water combined with the particles of oil, and as the mixture became 
heavier than the steam, it was readily separated from it by centrifugal force ; 
hence, the better results secured. 


From ^ ' Power, November 15, 1921. 
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Fig. 1 — .Separator placed above the heater gave better results than when placed next to 
the engine. Fig. 2 — Steam enters at the bottom of the separator. Fig. 3 — Same 
type of separator design with steam entering at the top. Fig. 4 — Another separator 
in which the steam should pass upward. Fig. 5 — Steam flow is downward. Fig. 6 — 
Steam can flow in either direction. Fig. 7 — Horizontal separator, steam entering 
at the right. Fig. 8i — Separator witli inlet connection at the left. Fig. 9 — .Steam 
can flow in either direction. 
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Separators should be placed as their makers intended that they should be. 
A good illustration of this necessity is shown in the following. Steam should 
pass upward through Fig. 2 and downward through Fig. 3. If the direction of 
the flow in either case is reversed, the best results cannot be expected. Where 
this design of separator is ordered direct from the manufacturers and working 
conditions are specified, they will be sent accordingly, but as time passes and 
changes in the piping arc made, they may be put out of service. Later on, when 
required for other places, they may be installed so that the direction of flow is 
not the same as formerly. This is more likely to happen because the castings 
are practically the same, but that does not prove that they are interchangeable. 

Fig. 4 illustrates a separator that should be located as shown, with steam 
passing upward through it. Fig. 5 shows a design that is not so likely to be 
mistaken as some other types. 'I'lie curved deflecting plates must perform the 
separating function when the steam first enters the separator, and the reservoir 
must be located at the lower point; hence, steam flows downward and the oil 
:ui<l water go out through a suitable drip pipe. 

If steam and oil pass upward through the type of sc])arator .shown in Fig. 
6, .some of the oil will be taken out. but the results will be more satisfactory if 
the direction of flow is downward. 

I'ig. 7 shows a horizontal separator with the inlet at the right and the outlet 
at tile left. I'ig. 8 shows a similar device, but the direction of flow is from left 
to right hand. If good results are desired, these directions of flow must be fol- 
lowed, but if it is necessary to use cither one for a direction of flow that is o])- 
posite to the illustrations, it may be done by turning the sejiarator around. In 
this respect a horizontal differs from a vertical scjiarator, as the former can lie 
reversed at pleasure to meet the direction of flow. Mowever, care should always 
he taken to have the steam enter as the makers intended. 

Fig. 0 is designed for steam flowing in either direction, and 'it does not 
make any difference which way it is connected. 


fW. E. S.] 
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Studies in Indian Sugar Cane, No. 4.* 

. Morphological Considerations. 

(Abridged.) 

By C. A. Barber. 


As wc xcork zAth ihc sn^ar cane plant in attempting to guide its variabili- 
ties to suit our purposes, any precise information such as that furnished by C. 
A, Barber and his collaboraiors in India becomes distinctly helpful. 


(1) l^Aui.v St\('.I':s of Sffdi.in’os and Sfroi’ped L'miNos. 

lieforc proceeding*' to (he descrijHion of l)ranchino- in the sii^ar cane, it will 
be advisable to ^et sonic idea as to the various stages by which the plan<, as we 
see it, is built up. Juir this purpose I have ])Ut together observations and draw- 
ings, which have been made at different times during the past five years, on the 
germination of tlie cane S(*ed and the sjirouting of the sets, as these will form 
a useful basis for our study. 

The seed of the sugar cane is extremely minute, the average length l)eing 
1.5 mm. and its breadth one-third of that amount. Strictly siieaking, it is not 
merely a seed, but a fruit or caryopsis, for, as in all grasses, there is only one 
seetl in the ovary, and its walls arc fused with those of the fruit to an indistin- 
guishable mass, 'rile embryonic jilaiit lies olilicjuely across one end of the seed, 
(he rest being taken uj) by a mass of starch-bearing cells, the endosiierm, a re- 
serve of food for the early stages of growth. On comjiaring the relative sizes 
of germ and endosperm, the sugar cane appears to be poorly equipped with the 
latter, as, before the young plant protrudes from the seed-coats, it occupies in 
the vertical section nearly half of the .space available. Considering the .small size 
of the seed itself, there is thus veryj little food laid by for the initial stages of 
growth before it becomes independent'; the cane seedling is excessively .small and 
its growth is not nearly so rapid as the cultivated grains, and, indeed, as the 
grass weeds which infest the seedling pans. The sugar cane in fact reminds us 
of the proverbial ‘‘mustard seed’' in the .smallness of its seed and the compara- 
tively enormous size of the full grown plant. As a natural result of this, the 
seed of the sugar cane cannot be kept for long, although our series of observa- 
tions, carried on for some years, show that its vitality is greater than previously 
supposed, and i.s not the same in all varieties. 

The general course of development may be gathered from the accompany- 
ing figures, firstly, of microtome sections through resting and germinating .seeds 
(PI. I), and, secondly, of drawings made from outside (Pis. II, III, and IV). 
There is little in these Plates which calls for special attention, as the general 
course agrees with that in grasses and has been sufficiently described in text- 
books. In the cases of Karun seedlings which have been examined (PI. Ill), 

* From Memoirs of the Department of Agriculture in India, Botanical Series, Vol. 
X, p. 46. 
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Plate 1. Microtome sections through resting and gerininating seeds of sugar cane. Madras 

Seedling No. (i. 


there is an elongation of the plumule axi.s below the first leaf, similar to that 
in the wheat, presumably designed to jdace tlie young plant clear of its seed- 
coats and near to the surface of the ground, for the purpose of tillering, and I 
iiave reproduced a drawing from Percival’s . li^ncidtiiral Botany to make this 
clearer. Put in the Kanin seedlings a thickish root is given ofif from this 
elongated part of the stem which I have not seen figured elsewliere. 

The purpose of this early root formation appears to be obvious enough, 
namely, to reinforce at the earliest possible moment the small amount of avail- 
able stored material at the disposal of the young plant. The radicle with its 
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first root has, as usual, a merely temjiorary existence, or lingers for some time 
as a minute fiber which can have little effect in aiding the plant in its growth. 
After this preliminary arrangement of the parts of the seedling has been con- 
cluded, the plumule develops its leaves in rapid succession and, near their bases, 
a series of thick adventitious roots are soon produced; but the seed-coats, with 
the plug-like sucker, the elongated plumule axis and its first adventitious root, 
remain attached to the plant for a considerable time, as they have been detected 
in a Karun seedling already five inches above ground. Different stages in this 
development are given on Plates II, III, and IV. 

The leaves are formed in one plane, alternately on either side of the stem, 
and the whole young plant may thus be pressed flat with all its parts spread out. 
At a very early stage of development a bud is formed in the axil of each leaf, 
so that branches, as well as leaves, all arise in the same plane. The formation 
of successive leaves, one at a time, has the effect of dividing the stem into a 
series of segments, each provided with one leaf and one bud. These segments 
are usually termed joints, and it is the practice to regard the joint as bearing 
its leaf and bud at its lower end, being thus terminated above and below by a 
leaf, and, when this has withered and fallen, by the sharp ridge or leaf scar 
which com])letely vsurrounds the stem. The region where the joints are sepa- 
rated is termed the node or knot, as it is usually more oil less swollen, and the 
joint as defined above thus becomes the internode. 

An appropriate arrangement of the fibrovascular bundles within the stem 
has meantime taken i)lace. and this can be very well seen in longitudinal sec- 
tions; namely, while the bundles run parallel with the length of the stem in 
the internodes, they form an intricate, wefted mass at the node, and branches 
are given off to the leaves and roots at this point. This arrangement of the 
bundles takes place very early in the development, and it is thus easier to demon- 
strate the limits of the first formed joints by viewing them in a longitudinal sec- 
tion than from the outside (PI. VI, fig. 1C). The region of root formation 
is at the base of each joint, above the origin of the leaf, and consists of a nar- 
row ring of the surface where the nascent roots may be seen as two or three 
rows of dots ; this is termed the root zone. In parts of the stem beneath the 
level of the ground these root primordia quickly grow out and, perforating the 
leaf bases, form a mass of roots which, with their branchings and root hairs, 
leave no particle of soil untapped. The first formed joints are extremely short, 
being in the form of narrow superposed discs, and the leaves borne by them are 
therefore very close together. The joints are, moreover, extremely thin at first, 
but increase in thickness upwards, the successive leaves and roots providing ma- 
terial for their expansion, so that, as in many Monocotyledons, a longitudinal sec- 
tion of the stem at the base shows its form to be that) of an inverted cone (PI. 
fV, fig Id). The leaves, growing much more rapidly than the stem, increase 
in width at the base and encircle a larger portion of the circumference of the 
stem until their edges overlap. 

The further development of the plant proceeds on strictly similar lines. 
The main points to be held in view are the upward increase in thickness of the 
stem, the protrusion of the buds from the leaf axils, the increasing number and 
thickness of the roots developed on successive joints, the continual lengthening 
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Plate II. Germinating seedlings of Kassoer; figs. 1-7, four days old; figs. 8-13, eight days 
old. Louisiana Purjde, fig. 14, six days old, Madras Seedling No, 2, figs- “IS and 16, 
thirteen days old. • 
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and widening of the leaves, so as not only to completely encircle the stem, but 
also to enclose the younger parts in a set of enveloping sheaths, and, later on, 
the gradual lengthening of successive joints, so that the growing plant is raised 
above the surface erf the ground. 

Immediately this occurs the stimulus of moisture and darkness being re- 
moved, the formation of roots falls into abeyance, but the root eyes can be de- 
tected in the root zone from the outside throughout the length of the plant. 
The leaf, at first purely protective and consisting of leaf base or leaf sheath, 
on emerging to the light, soon develops a small green tip, the leaf blade or 
lamina, and this part rapidly increases in relative size until it forms the bulk of 
the leaf. But this leaf development is much more rapid than that of the stem, 
so that, when the growing point of the stem at length reaches the surface the 
leaves have already reached a very res])ectable size (PI. 111). The largest seed- 
ling (fig. 4) has a leaf already a foot in lengtli, whereas the stem is as yet only 
one-third of an inch long. 

The cane seedling four or five months old, viewed from above ground, 
usually shows a tall ccniral shoot surrounded at its base by a number of smaller 
shoots emerging from the soil near it. I'hese are the developed buds of the 
lower leaf axils. As the first joints of the stem arc very close together, and 
each has its lateral branch, these shoots, being pushed out of their original plane 
from lack of room, appear all together as an irregular circle round the main 
shoot, but careful dissection shows that they all arise from diflxrent axils on 
alternate sides of the plant (PI. IV). The growth of successive buds, how- 
ever, varies a good deal, and their size at this stage bears no sort of relation 
to the time at which they were formed at the a]^ex of the stem. Some buds 
remain quite small during* the life of the plant, whereas others grow so ra])idly 
that they soon overtake or even exceed the main shoot in length. 

1 he branches pass through exactly the same stages as the parent stem, onlv 
differing from it in that they have a better start and take less time to develoj) 
into leafy shoots. They are thin at the place of origin, bear closely packed leaves 
on the short congested joints, have a bud in the axil of each leaf, and, as the 
leaves increase in length and ex])and their blades, the .stemt* increase in thick- 
ness, the successive joints become longer, and the shoots as a whole emerge 
from the ground. As in the main shoot, the leaves at first grow much faster 
than the stem and, for a long time, the actual growing points of the stems re- 
main below the ground, the height of the plant being judged by the length of 
the expanded leaves^ This is readily explained by the fact that the growth of 
each shoot is largely dependent on the feeding power of its own leaves and, 
until these are fairly large, no real progress can be made, hence their early pro- 
trusion and proportionately rapid early growth. The relative size of the main 
shoot and its branches and the number of the latter vary much in the same batch 
of seedlings, all stages being observable between one strong cane, with or with- 
out a few small shoots at its base, and a bunch of shoots resembling a tuft of 
grass, in which it is difficult to distinguish between the main stem and its 
branches. The reason for this is not clear, for seedlings thus differing in their 
early stages are often not distinguishable in their degree of branching later on. 






2S9 


At a somewhat later stage the lateral shoots, each as fully provided with 
Imds as the parent stem, may also branch, giving rise to branches of the second 
degree, and this process may continue to several further degrees, this depending 
to a large extent on the parentage of the seedlings. Such shooting of the buds 
on lateral branches is not, however, usual until the plant has reached a further 
stage of development, unless, indeed, one of the branches receives an accidental 
injury low down, when its place is often taken by one of its uppermost buds. 

The chief points to bear in mind concerning the branching of seedlings are 
that every joint has its leaf and, protected, by it, a bud; that both joint and bud 
have the power of forming independent roots if the necessity should arise ; and 
that any of these buds may remain quiescent or dormant throughout its life, or 
may shoot out at once or at a later stage in the growth of the plant as a whole. 
'I here is thus ample provision at hand for all the needs of the plant, whatever 
circumstances may arise However severe the treatment above ground, there 
is a reserve of branches ready to be developed below, and. if one of the branches 
is either accidentally or purjiosely cut off. its place is taken by the emergence of 
one of Its buds ; and, if sucli a cut branch is placed in the ground, it is capable 
of sending out its roots under the stimulus of moisture and darkness, protruding 
its buds and developing into an independent plant. 

Advantage has been taken of these facts in the planting of the sugar cane 
in the field. C ultivatctl sugar cane is propagated from cut pieces of the .stem and 
is always likely to be. Seedlings, although undoubtedly a much cheaper form 
of reproduction, do not inherit the good qualities of their parents uniformly, 
and many of them, even of the best parentage, arc c|uitc worthless from the 
sugar producing point of view. Although extremely easily reared in many cases, 
they require more individual attention than is justified under enq) conditions, and 
the} take longer to mature. While in South India canes grown from cuttings 
take, on the average, twelve months to mature, seedlings become full grown only 
when they are about eighteen months old. I’esides this, there are many good 
kinds which do not p"oduce see<l at all, cither because of infertility or the total 
absence of flowering. In vegetative reproduction the good qualities of the variety 
are rigidly handed down from generation to generation, although there appears 
to be a gradual diminution (jf vigor as the years pass. 

The vegetative method of reproduction is rendered easy, as explained above, 
in that each joint is furnished wdth its bud and a number of root primordia, and 
both of these retjuire little stimulus to grow out. The condition of the bud may 
be compared with that of the germ in the seed, in that it is placed in immediate 
connection with a mass of readih'^ assimilable nutriment in the joint to w’hich 
it belongs. It is, however, much more fully developed than the germ, and it 
takes little time, under .suitable conditions of moisture and warmth, for it to 
j)roduce a mass of roots and leaves. I'he development of this bud need not de- 
tain us here. It is practically identical with that of thd shoots described above, 
being merely a branch of the plant of a higher order. A series of stages are 
shown in Plates V and VI. 

In planting, the whole cane is sometimes laid in a furrow, lightly covered 
with earth and watered ; in many places only the upper, immature parts of the 
cane are used, and these, called “tops,” are placed slanting in the ground; but 
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Plate V. Sprouting set plants. Fig 1, Sacchani-m arundinareum, showing biul beneath the set curving upwards and forming 
healthy shoot. Fig 2, Gillman, 25 days old. Fig. 3, Ked ^laiiritiiis, .37 days old. Figs 4 and 5, Vellai, 37 days old. Fi 
6, Chin, 50 days old. 
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in India, as a rule, the whole cane is cut up into pieces called ''sets,” each of which 
has a definite number of joints with healthy living- buds. Almost all canes 
germinate readily from sets, and, in India, they seem to produce healthier and 
stronger plants than the tops; l)ut cases have been met with, as in Senna of 
the Godavari District, where sets are generally infertile and tops have to be 
u.sed. The sets in South India usually contain three joints; germination takes 
place more rapidly than in North India, and if the field has not sprouted within 
a week or ten days it is customary to plant again. In North India the climate 
at the time of planting is very cold, and not infrequently a month elapses be- 
fore the shoots appear above ground. 

When, in a warm climate, the sets arc jdaced horizontally in shallow trenches 
and watered, they at once send forth roots and the buds burst. Although, pos- 
sibly, in ideal ])lanting, it would be best to place the sets so that the bud ])lane 
lies parallel with the .surface, this is not generally attended to nor essential, for 
the shoots are negatively geolropic and quickly find their way round the set to 
the surface of the ground.''''- The root eyes ])rotrude and form a circlet of fibers 
round the set, those beneath growing much more strongly than those facing 
upwards, and these roots supply the .stream of water which washes the nutri- 
ment stored in the joint to the developing bud. JUit very soon the lower joints 
of the new shoot form their own roots — thicker, whiter, and longer. When 
this occurs the shoot forms a new, inde])endent ])lant, and the decayed joint from 
which it has arisen is left l)chind, much as tlie cast-oflf .seed-coats in a germinated 
seedling. Connection with the jdants developed from the other buds in the same 
set is thus entirely severed. Lateral branching takes ])lace very early in the 
young plant, and these branches also produce their own roots, and, in a couple 
of months, the set plant has attained to the size and form of the six months 
.seedling and is growing much more rapidly. 

The canes of diflferenl ages in the same cluni]) are sometimes very differ- 
ent. This lias been already noted in the remarks on early and late canes. Ilut 
this difference is much greater in .seedlings than in canes grown from cuttings. 
It is true that all the canes seem to be similar in .some cases, but in others it is 
not unusual to note thin, yellow, .s])rawling canes develo])ed first, thc.se suc- 
ceeded by reddish tinged .slanting canes, while the latest formed are thick and 
dark purple; and all sorts of such color variations may be detected, as well as 
variations in thickness and ercctncss. We do not as yet know whether this 
variability is handed on to the next generation, when the seedling is grown 
vegetatively, or whether (uily one of the forms of cane noted is characteristic of 
the future crop cane, but experiments are being conducted to determine this ]M)int, 
which is of considerable moment for the proper selection of seedlings. 

* Since writing the above our attention has been drawn to the following. Kulkarni, 
in ])harwar, has made a .series of experiments in ])lanting efodi with om* bud only, 

and the set placed so that this bud is upward. He allowed only the mother shoot to grow 
and its branches were carefully removed. He claims that, by this means, sprouting takes 
l)lace one week earlier, all the canes ripen together and a larger number arc* obtained per 
acre. (Kulkarni, M. L. Experiments in planting sugar cane sets with single eye-])uds, etc. 
Agr. Jnl., Ind., Special Science Congress Number, 1918.) 



(2) Periods of Growth. 


The great bulk of the Order Ciramineae consists of grasses, and it will be 
of interest briefly to cpnsider their mode of branching, in order to see in what 
respects the sugar cane resembles them — for the sugar cane has often been 
described as a gigantic grass. There are two well marked phases of develop- 
ment in grasses: the first, in which the plant remains low and adds shoot to-' 
shoot until a dense bush is formed, in which the shoots are often inextricably 
intertwined and point in all directions; and, second, in which the ends of cer- 
tain of these branches become erect, rapidly increase in length and proceed to 
form the spikes of flowers and ears of grain. In the first stage the energy of 
the plant is devoted to multiplying its number of shoots, chiefly by the branch- 
ing of the underground portion ; in the second, branching ceases and the energy 
is diverted to pushing the branches high into the air and the formation of flow- 
ers where they can be readily fertilized, and the seed where it can be scattered 
abroad. 

In the sugar cane this division into periods of growth is to a certain extent 
hidden, in that, both in seedlings and set plants, each shoot, as soon as it is 
formed, pushes into the air and grows steadily upwards to form the aerial stem 
or cane. Idowering is a matter of .secondary importance, and has largely fallen 
into desuetude from long propagation by the vegetative method. This is espe- 
cially so in North India, where flowering is rare, but in the Peninsula, as in 
most tropical countries, flowering takes i)lace regularly towards the close of 
the growing season, and the fields then present a mass of feathery plumes over 
the whole area. It may be noted, in passing, that the time of flowering does 
not coincide with that of reaping the crop, as these two periods are induced by 
very different climatic conditions Flowering occurs at Coimbatore during tlie 
period of greatest rainfall, in October and November, and indeed seems to l)e 
greatly influenced in its profusion by the amount of rain falling during the year; 
while the cane is harvested when the juice is richest, and this occurs in February 
and March, after the cold season, when the air becomes hot and dry. 

The formation of new shoots at the base of the cane plant proceeds during 
the whole of the growing i)eriod, but there is no doubt that it is much more 
active at the commencement of growth, for the rapid formation of canes is 
not really taken up until the plant is six or seven months old. And this separa- 
tion of the branching and lengthening periods of the plant is in certain cases 
emphasized by local conditions of growth. In South India the sets are planted 
at the commencement of the hot, dry weather, when the harvest is reaped, sugar 
cane being everywhere an irrigated crop. In the Godavari District, the young 
plants, after growing for a few months, receive a severe check, in that the irri- 
gation channels are closed every year in May for cleaning, and for some six 
weeks irrigation is in abeyance, and the plants depend on such scanty showers 
as fall at this time. During this period the branching of the underground parts 
goes on steadily, although little is added to the height of the plants. In fact 
the plants often appear to grow shorter, in that they are attacked by shoot-borer 
and many of the shoots are destroyed. But the ryot views the matter with equa- 
nimity, because he knows that this pest merely causes the lateral branches to be 



Plato VI. Diasoetioii of sproutinjy sot plants. Fijf. 1, Gillniaii, one niontli old. 

Ro<| Mauritius, two uioiiths old. 



264 


developed in larger numbers, and he asserts that he gels a better stand of canes 
when there is an attack of moth borer. It is probably of no great disadvantage 
for the shoots to be checked when there is no water to continue their growth ; 
but cases are also met with where whole fields are destroyed by the pest, or 
ugly gaps are seen m the plantations. The branching period is lengthened and 
made more pronounced in this case, which in some respects is analagous to winter- 
sown wheat in Europe. 

A similar lengthening of the branching period is to be noted as the result 
of certain diseases of the cane. In the neighborhood of Coimbatore, where many 
of the wells contain brackish water, sometimes the plants, especially ratoons, never 
reach the cane-forming period, but continue throughout the season to develop 
new shoots with narrow leaves, which do not grow in length, but branch again, 
until, at crop time, nothing is seen but a number of low, dense, grassy bushes. 
A case was met with by the author on new, rough land, near the emergence of 
the Amravati River from the hills, where, in a couple of acres fourteen months 
old, only a few cases were observable, and the field closely resembled one of 
Guinea ^rass. It is needless to point out the similarity of this growth to that in- 
duced by Scrch in Java and certain diseased clumj)s observed years ago in Bar- 
bados, where all the buds and roots of the short canes shoot out, till a dense 
mass of grassy leave? is produced in place of a few tall, healthy canes. 

Another feature in the branching of grasses may be noted here. It is usual 
to divide them, according to their mode of growth, into tufted grasses and sod- 
formers. In the latter, underground branching assumes an intense form, each 
bud piercing the base of its enveloping leaf sheath and again branching itself, 
until, with the masses of roots formed at the bases of the joints, the soil is per- 
meated so thoroughly that it can be cut into coherent slabs, as in lawns and 
permanent pastures. The individual plants are closely interlocked and it be- 
comes very difficult to dissect them out without injury. The main feature in 
these grasses is the great development of underground runners or stolons, the 
ends of which emerge and bear tufts of leaves for the ])urpose of nutrition, while 
their place is taken by buds near the upward bend, and the underground part is 
thus formed of a mass of sympodia. Flowering takes place at a certain season, 
but this does not interfere with the underground branching. In the tufted 
grasses, on the other hand, after a limited period of underground branching, a 
number of erect shoots are formed, which in due; course proceed to the forma- 
tion of flowers and grain. The buds in this case do not pierce the bases of the 
enclosing leaf sheaths, but grow up inside them, emerging where the sheath 
joins the lamina, only siditting the leaf sheath by their increase in thickness. 
I'he individual plants arc easily separable, do not interlock, and each forms a 
more or less distinct tuft. 

It is at once obvious that the sugar cane belongs to the latter class, as do 
the usual cultivated cereals. This also applies to the wild Saccharums, Munja, 
Narenga, arundinaceum and spontaneiim, grown on the Cane-breeding Station. 
The two former are typical tufted grasses ; no cane is formed and the flowering 
shoots are ephemeral structures, drying up after the seed is ripened. In Sac- 
charum amndinaceum and Saccharum spontancum, solid canes are formed. 
Saccharum spontancum, although undoubtedly a tufted form, produces long un- 
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(lerground shoots which emerge at intervals and thus spread the plant over a 
considerable area. It is difficult in growing this species, either from seed or 
from sets, to confine it to its bed, and the neighl^oring ])aths are soon invaded. 
We may thus imagine an approach to the sod- former here. The nearest ap- 
])roach to sod-formation in Saccharum sponfancum whicli we have observed is 
on the banks of the Irrawaddy, where sandbanks are protected from being washed 
away by an interlacing mass of roots and runners, which forms a solid cap a foot 
in thickness. The formation of underground runners is occasionally met with in 
cullivated canes. It is commonest in the Saretha group, the most primitive class 
of indigenous Indian canes, and, apparently, the nearest in descent to the wild 
Saccharum spontanenm. fn other classes runners usually are formed only whe\‘e 
space is needed for the free develo])ment of a large number of cane stems. Thu:* 
we meet with them most frequently in the ^Xfungo and Pansahi groups, which are 
characterized by much branching. In these cases long, thin joints are inter- 
calated between the normal short, thick ones of commencing shoots, and in the 
dissections these are always noted. 

(d) 'I'llK likWClllXO OK Till*. C"\NK AlJOVK (iKOlM) AND Ai:\'OR\l\L Hro 

In )R MAT ION. 

branching ol the cane plant below ground is a well marked feature in all 
varieties. .Nhove ground, in the light and in the .absence of the stimulus of 
moisture, the buds usually remain inactive during the period of maximum growth. 
I hit the shooting of aerial buds is by no means uncommon, and is of some dis- 
advantage from the crop jioint of viewa It has been noted th.at some varieties, 
such, for instance, as Ih 208, shoot more readily than (')thers; but there are a 
number of circumstances wdiich render all canes more or less liable to this de- 
fect. Any injury to a growang cane will tend to cause the buds bekwv the injured 
])lace to .shoot out becau.se of the damming up of the current of waater and nutri- 
tion. I'his is often .seen where stem-borer is at work. The joints immediately 
above the attack are shorter and thinner than the average, and large shoots are 
often observed coming from the nodes below^ the borer hole, ( anes which have 
lodged rs fallen will fre(|uently develo]) a mass of shoots all along the |)rostratc 
]^arl ; over-ripe canes and such as have (lowered usually form a mass of shoots 
in the upper part if allowed to continue grown’ng; lastly, the local climate has a 
very distinct influence in the matter. Thus, wdien the same canes are growui at 
Pusa and at Coimbatore, they behave very di (Terentiy as regards .shooting. At 
Coimbatore, which is in a semi-arid region, shooting of the canes is very rare: 
while at Pu.sa, with its abundant .supidy of .subsoil water, a])proaching the sur- 
face in the rains, a great mass of green is .sometimes .seen all the w^ay up the 
stem, even in erect canes, long before the reaping season. 

This .shooting of the buds is generally correlated with a more or less active 
protrusion of the root eyes. In ])laces where there is a marked difTerence in 
the humidity and temperature at diflFerent periods of the cane’s growdh, this dif- 
ference is often permanently marked on the different joints of the cane stem, 
d'hus, at Rajshahi, in North Bengal, it is easy at crop time to determine w^hat 
joints had been formed during the hot, dry summer months, and at what stages 
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the rains attained their maximum and ceased to flood the ground. The rooting 
and sliooting of the canes in damp climates is often avoided by trashing, or 
pulling oflF the adherent but dying leaves, and it would be worth while consid- 
ering the desirability of trashing canes in North India during the rains, in places 
where these defects are most marked. 

Besides the normal branching of the cane, due to the ])rotrusion of the or- 
dinary buds on the joints, cases of abnormality are not infrequently met with, 
caused by irregularity in the bud development. Here and there canes have been 
met with where the joints have been altogether devoid of buds, and Kaghze has 
I)cen marked in the Coimbatore collection as especially liable to this deformity. 
Here obviously no branching can take i)lace. fn others, double or triple buds 
have been met with in ])lace of the single l)ud, and in the usual position. Where 
double buds occur they are not infre(|uently the prelude to a dichotomous split- 
ting of the cane into two equal halves, each of them i)rocceding to grow nor- 
mally. ( )h i^assing down the stem, such double buds are seen to be preceded 

by buds of abnormal width, accompanied by a flattening cT the stem. Such cases 
have been very clearly ^lescribed by Jeswiet.^ and need not be further dealt with 
here. Among the cases of triple buds, one was noted as being extremely regular 
in its development, and it was preserved because of its interesting nature. After 
four years of reproduction the same abnormality can be seen, showing that it 
is a hereditahle character of the seedling when propagated by cuttings. 

Bui the most striking and freejuent case of abnormal bud formation is when 
they are irregularly produced in difTerent i)arts of the stem without any regard 
to the usual jiosition. They are often met with in the root zone, for here there 

is, more or less permanently, meristematic tissue, but they may also appear at 

almost any ])art of the joint. They may arise direct from the outer layers of 
the stem, but more usually they arc preceded by the formation of an irregular 
mass of callus, over which the buds arc distributed unevenly, varying from mere 
I)in i)oints of tissue to fully formed buds with scaly leaves. Curious monstrous 
forms are thus produced. They would appear to be commoner on seedlings of 
certain parentage, although they have been found sporadically in almost all the 
plots, thus conveying the suggestion that the formation of cane plants from seed 
is no longer governed by the strict rules applicable to seed-bearing plants. In 
1917-18 the Khelia plot of seedlings was thus marked out as containing numer- 
ous examples of this deformity. The cases thus far mentioned do not seem to 
have their origin in any injury to the cane tissues, but, in other cases, the callus 
results from the hole of a stem-borer, the breaking of a cane, or the curious 
‘‘cuts'" above the bud in the groove, to which attention was drawn in the Journal 
of Heredity of February, 1916. These cuts have been found in many of our 
seedlings and cane varieties on the farm, and appear not to be the result of 
any insect or other attack, but on differences in tension of the superficial layers 
of the stem. They have been found also in seedlings of Saccharum spontancum 
in some quantity. A large number of other abnormalities have been noted in the 
seedlings and varieties grown on the station, and the study of these would un- 
doubtedly prove of interest from the morphological point of view. 

1 Jeswiot, J. Bcschrijvinjf dor soorten van het suikerriet. Erste bijlage. Morpkologie 
van het suikerriet. Archief v. d. Suikerind. in Ned. Ind., Maart, 1 » 16 . 
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Sugar Prices 

96 ’ Centrifugals for the Period 


March 15, to June 15, 1922. 


Bate 


Per Pound 

Per Ton 

Hem arks 

March 


1922. 


;i,98 


New Cuhaa. 

« i 

17 



4.04o 

80.90 

Porlo Kicos 3.98, new (hibas 4.11. 

t i 

2:\ 



0.98 

79.60 

Xew Ciihas. 

i i 

24 



0.80 

77.20 

New (hihas. 

April 

t i 




0.89 

77.80 

Xew (hihas 3.98, Porto lllcos 3.80. 

4 



0.98 

79.60 

Porto Ricos. 

i i 

5 



4.11 

82 . 20 

Xew (^nhas. 

( t 

i:i 



•1.04 

80.80 

X(‘w (hibas. 

i 1 

17 



0.80 

77.20 

Porto Ricos. 

( i 

20 



0.807) 

76.10 

Porto Ricos 3.86 ;iJid 3.75. 

i t 

21 



0 . 77) 

75.00 

Porto Ricos. 

( i 

24 



0.80 

77.20 

Porto Ricos. 

t ( 

27) 



0.92 

78.40 

I*orto Ricos 3.86, new Chibas 3.98. 

< < 

20 



0.98 

79.00 

Xew Cubas. 


27 



4.0400 

80.866 

J'hilipjiines 3.98, new Cubas 4.11 and 4.04. 

i t 

20 



0.92 

78.40 

Porto Ricos. 

y\t\y 

1 



0.997) 

79.90 

Xew Cubas 3.98, new Cabas 4.01. 

i \ 

1 



0.98 

79 . 00 

X(*vv Cubiis. 

i ( 

.“) 



0.87 

77.40 

Pliilip])ines 3.86, ih)rto Rieos 3.88. 

( i 

() 



0.98 

79.00 

Xew (hibas. 

t i 

0 



0.9827) 

79 . 07) 

I'orto Ricos 7>.86 and 3.92, new Cubas ‘l.Od and 4.11. 

i i 

10 



0 9007 

79.:i;u 

Xew (hil)as 1.04, Porto Ricos 3.98 and 3.88. 

i i 

11 



0.98 

79 . 00 

N(‘w Cubas 4.04, J’orlo Ricos 3.98, Pliilij)])ines 3,92. 

i i 

12 



4.01 

80.80 

\(*w Cubas. 

i ( 

oo 



1.00 

80.00 

Pliilijijanes. 

( t 

24 



4.1008 

8;i.210 

Phili])pines 4.125, new (hibas 1.17, Porto Ricos 

1 . 1875. 

i » 

27) 



4.17 

8;?. 40 

New (hibas. 

i < 

20 



4.20877) 

84.175 

Xew' Cubas 4.23, Philij)j)ines 4.1875. 

» ( 

:n 



4 . 207) 

85.30 

Xew Cubas 4.23 and 4.30. 

J inio 

o 



4.00 

86.00 

Xew' (hibas. Huiiiiner Saturday inarkfd Jiolidays bc- 
f»in tomorrow. 

i ( 

0 



4.0170 

92.35 

Tdiilij)pines 4.625, lunv Cubas 4.61, 

( { 

14 



4.0175 

92.35 

(hibas. 

i ( 

17) 



4.7)0 

90.00 

Porto Rieos, 
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Planters^ Association. 


Important factors which j^overn su<;ar production are 
Intensifying climate, land area, labor, water, and nitro^ijen. 

Agriculture In cost accounting we usually give the monetary cost 

per ton of sugar or per ton of cane. We express yields or- 
dinarily in terms of tons of cane or tons of sugar ])er acre. 

It is generally conceded that on unirrigated plantations yields are limited 
by adverse temperature or lack of sufficient rainfall. On irrigated lands, en- 
joying for the most ])art more favorable temperature, yields are held in check 
l)y a lack of sufficient irrigation water. Probably no irrigated plantation has, 
throughout the year, all the irrigation water that it would like. The labor 
supply also affects yields. Even under what might be a normal adequate su))- 
ply, there are seasons of the year when extra labor could be used to great ad- 
vantage and with telling effect ui)on yields of cane and sugar. Labor, without 
question, is a limiting factor in ])roduction, just as water is. 

It is suggesteci, therefore, that Ave study yields with respect tt) what is re- 
(|uired to proiluce these yields in the terms of labor and water and other essen- 
tials. 

It has been shown in various reports during the i)ast few years that it takes 
in round numbers about one million gallons of water on the average irrigated 
plantation to produce a ton of sugar. This figure includes rainfall as well as 
irrigation water and embraces a large part of the seepage losses in ditches. 

If 40,000 laborers, working 250 days a year, jwoduce annually 500.000 tons 
of sugar, each ton of sugar has called for 20 man-days of labor. This, as a 
rough average figure, is subject to considerable variation, say 15 to 25, or per- 
haps even wider limits. 

Purchased supplies are not a limiting factor in the same sense that labor 
and water are, for we are drawing upon sources which are not restricted and 
we are concerned, not with adjusting our operations to conform with a given 
inelastic supply, but with purchasing such an amount of material as can be used 
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to economical advantage in connection with limited supplies of labor and water 
and land. 

For instance, if we are using 150 pounds of nitrogen per acre and are 
getting six tons* of sugar, each ton of sugar is costing 25 pounds of nitrogen. 
In an effort to increase our yield we tire at liberty, economically, to draw upon 
the world’s supply of nitrogen at this rate for every ton of sugar we are able 
to increase our yields. 

Such a course is not open to us when we consider either labor or water. If 
the six -tons of sugar have cost us six million gallons of water, any proposed 
increase in the amount of water to be supplied per acre must very likely be ac- 
companied by the develoiiment of more water, or by a reduction in the number 
of acres we are to hold under irrigation. 

Any proposed change in our agricultural methods looking toward better 
results on an irrigated plantation must, therefore, be considered in its relation to: 

(1) yield per acre 

(2) yield per man-day of labor 

(3) yield per million gallons of water. 

If a field method is devised that affects the first of these favorably, it is sound 
only if it does not affect one of the other items adversely. We have nothing to 
gain by a method which produces more .sugar per acre at a cost of more labor 
or more water per ton of sugar. 

A method which calls for more labor per acre is admissible whenever it 
reduces the labor and water requirements per ton of sugar. The prime ob- 
jective of a plantation is not to cultivate a given number of acres. A reduction 
in area as a means of obtaining better yields per acre, per matirday of labor, 
per million gallons of irrigation ivater is worth considering. Before an exten- 
sive sacrifice in area for the purposes named can be undertaken safely, a planta- 
tion must first determine, through experiments on a commercial scale, the high 
yield possibilities of its fields, and what these yields cost in labor and water per 
ton of sugar. The possible benefits that accrue from fallowing are to be given 
due consideration as a part of this plan. 

Where adverse climatic conditions set a low limit on sugar yields, improve- 
ments in agricultural methods are to be directed along tbe lines of low cost of 
production per acre. 

This is sometimes called “extensive" agriculture to distinguish it from in- 
tensive agriculture that seeks high acreage yields. But if we adopt the term 
we must not overlook the fact that, under the so-called “extensive” methods, 
we are merely intensifying our efforts in another direction, that of producing 
the highest practicable amount of sugar per man-day of labor, or per dollar of 
expense. 

According to this viewpoint, all of our agriculture is, or should be, inten- 
sified. Taking a given set of plantation conditions — area, water, labor, nitro- 
gen, and temperature — one may determine, through a careful diagnosis of the 
case, the weak link in the chain of raw materials we are to make into sugar 
cane. Then we intensify in the direction that takes full advantage of that factor 
which tends to limit production. Here we are concerned not so much with yield 
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per acre as with yield per unit of limiting factor, such as sugar per man-day 
of labor, or sugar per million gallons of water. If it takes 75 man-days of labor 
per acre to produce three tons of sugar, we become seriously concerned in re- 
ducing the labor per ton of sugar. If climatic conditions form a barrier that 
limits consideration of higher yields than three to four tons of sugar per acre, 
we intensify upon making every man-day of work count for all it can in sugar 
production. 1"he elimination of unessential operations, the substitution of ani- 
mal or motor power, the use of implements, or automatic irrigation, all tend 
to reduce the labor requirement, and hence invite consideration. Cane varieties 
that close in quickly and ratoon freely reduce weeding to a minimum and offer 
interesting possibilities. 

The actual value in sugar of each field operation can be determined, or esti- 
mated carefully. Just as the plantation operating under favorable climatic con- 
ditions is concerned with commercial trials to determine the possibilities of high 
yields per acre, so a plantation q)erating under adverse conditions discovers 
tlie importance of systematic work which covers the various points already men- 
tioned, and formulates field methods which arc pertinent to its especial needs. 


Sugar: 15.36 Tons per Acre on 288 Acres. 


The Ewa IMantation Company this year has harvested five fields, covering 
an area of 288.81 acres, which have produced sugar at the average rate of 
15.36 tons per acre. 

These yields, obtained under plantation field conditions, set a new mark in 
sugar production, llie variety was H 109. The treatment of these fields em- 
braced four fundamental requirements for best results, namely: (a) heavy fer- 
tilization with nitrogenous salts, (b) adequate irrigation throughout the grow- 
ing ])eriod of the cane, (c) the last application of fertilizer occurred practically 
one year before harvesting, and (d) the irrigation was sto])ped at 60 to 90 days 
before harvesting. 

Of these fundamentals the first two work toward high yields of cane ; the 
second two operate in ripening this cane .so as to reduce the number of tons of 
cane per ton of sugar. The following data show the record of four individual 
fields with respect of three of these points: 


1 

Field ! 

i 

! 

Nitrogen 
per Acre 

Period Between Last 
Fertilization and 
Beginning of Harvest 

Period Between Last 
Irrigation and 
Beginning of Harvest 

16-A ‘ 

271 lbs. 

365 days 

89 days 

16B ' 

260 “ 

358 “ 

74 “ 


256 “ 

341 “ 

60 

IE 1 

251 “ 

363 “ 

! 66 “ 
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These figures are supplied by George F. Renton, Jr., Manager, Ewa Planta- 
tion Company, who furnishes other details bearing upon the results. The fifth 
field was harvested after the details on the other four had been supplied, and 
the information" on that field is that “83.17 acres of plant cane yielded 107.53 
tons of cane per acre, requiring but 6.95 tons of cane to make a ton of sugar, 
so that there were produced 15.35 tons of sugar per acre.” 

An interesting feature to be noted is that the Ewa Plantation Company has 
adopted the plan of expressing yields not only as tons-of-sugar-per-acre, but also 
as tons-of-sugar-per-acre-per-month. The way in which this operates toward 
making full use of growing time cannot be fully appreciated until the expression 
is put into use and yields are discussed on this basis of comparison. Mr. Ren- 
ton’s letter regarding the first four fields reads: 

“Replying now to your letter of July 11, asking for information con- 
cerning high yields of certain fields at this place, I beg to submit the following 
data : 

“The yields obtained were as follows: 


Field 

16-A 

24.79 

acres 

15.25 tons 

siiffar ner acre 

< < 

16-B 

49.55 

4 4 

15.58 

4 4 

4 4 

4 4 4 4 

( t 

16-C 

72.50 

4 4 

15.14 

4 4 

4 4 

4 4 4 4 

( i 

1-E 

58.80 

44 

15.51 

4 4 

4 4 

4 4 4 4 









Fieu) 16-A ( 24.79 Acres), 1922 Crop, Plant Cane: 

“(1) Before planting Field 16-A was harvested April 12th to 16th. 1920. 

“(2) The field was planted July 10th to 14th, 1920. ( A heavy rain of 1.85 
inches occurred on July 12th,) The seed was unselected body seed from 12- 
months old cane ( I'ields 20-B and 9-A ) . It was planted butt to butt and re- 
quired 61 bags per acre. It did not germinate well and 24 bags per acre of 
replant were required to make a solid stand. Strikebreakers (Hawaiian women 
and Boy Scouts) did the planting. 

“(3) Irrigation rounds averaged 10.7 days from August 1st to November 
l.st. Heavy winter rains made irrigation unnecessary until March. From then 
until the following November the rounds averaged 16.42 days apart. From 
December to May, the rainfall was distributed as follows : 


December, 1921 

5.00 

inches 

January, 1922 

2.23 

4 4 

February, 1922 


44 

March, 1922 

1.62 

4 4 

April, 3922 

10 

4 4 

May, 1922 

43 

4 4 


“ ‘Third season’ irrigation consisted of one round completed on March 16th, 
or 89 days before the field was harvested. 

“The laboratory record gives the following juice analysis: 


Tons can per ton sugar 7.23 

Percent sucrose ...■ • 14.86 

Brix 20.78 

Polarization 18.18 

Purity 87.49 

- “The cane was well matured and ripe. 



273 


^*(4) The field was not fertilized until December 7th, the delay being cki^ 
to the labor situation following the strike. Eleven hundred and twenty-nine 
pounds per acre of ‘F’ fertilizer were applied, giving 113 pounds of nitrogen 
per acre, 34 pounds of K2O, and 34 pounds of P2O5. Two doses of 508 pounds 
per acre of nitrate of soda were applied in the irrigation water finishing on March 
23rd and June 13th. This made the field receive a total of 271 pounds of nitrogen. 

“(5) There was a good growth of weeds to contend with, the charges being 
$3.00 per acre for this item. 

“(6) Harvesting commenced on June 15th and was completed on June 21st, 
1922, making the cane about 23 months old, 0.663 being the sugar per acre per 
month, 15.25 tons sugar per acre per crop, 110.28 tons cane per acre per crop. 


Field 16-B (49.55 Acres), 1922 Crop, Plant Cane: 


'*(1) P>efore planting, Field 16-1> was harvested April 6th to 14th. 1920. 

“(2) The field was planted July 14th to July 25th in damp soil, following 
a 1.85-inch rain on July 12th. The seed was unselccted body seed from 12- 
months old cane (Fields 20-B and 9A). It was planted butt to butt, requiring 
80 bags per acre. Germination was not good, 10 bags per acre of replant being 
needed to make a solid stand. Strikebreakers ( Hawaiian women and Boy Scouts) 
did the planting. 

“(3) Irrigation rounds averaged 13.55 days from August 1st to December 
1st. Heavy winter rains made irrigation unnecessary until March. From then 
until the following November, the rounds averaged 20.1 days apart. From De- 
cember to May, the rainfall was distributed as follows: 


December, 1921 

January, 1922 

2.25 

February, 1922 

12 

March, 1922 

1.62 

April, 1922 

10 

May, 1922 

45 


“ ‘Third season’ irrigation consisted of one round completed on March 16th, 
or 74 days before the field was harve'=;ted. 

“The following laboratory record gives the juice analysis : 


Tods cane ton sugar 7.75 

Percent sucrose 14.16 

Brix 19.52 

Polarization 16.98 

Purity 86.99 


'‘The cane could have been ripened further. 

"(4) The field was not fertilized until December, the delay being due to 
the labor situation following the strike. One thousand and forty-seven pounds 
per acre of ‘F’ fertilizer were applied, giving 105 pounds of nitrogen per acre 
and 31 pounds of KoO and 31 pounds of P0O-. Two doses of 500 pounds per 
acre of nitrate of soda were applied in the irrigation water, finishing on March 
30th and June 14th, 1921. 

"(5) There was a good growth of weeds to contend with, the charges being 
$3.00 per acre for this item. 

"(6) Harvesting commenced on June 7th and finished on June 19th, 1922, 
making the cane approximately 23 months old. 



274 


Tons sugar per acre per month .677 

Tons sugar per acre per crop 15.58 

Tons cane per aero per crop 121.08 


Fieli? 16-C (72.50 Acres), 1922 Crop, Pi.ant Cane: 

“(1) Before planting Field 16-C was harvested April 14th to 22nd, 1920. 
“(2) The field was planted July 2.5th to August 3rd. The see.l was unse- 
lected body seed from 12-months old cane (Fields 20-B and 9A). It was planted 
butt to butt and required 69 bags per acre. Replanting too bags per acre. 
I’lanling was done by strikebreakers, who were Hawaiian women and Boy Scouts. 

“(3) Irrigation rounds averaged 13.55 days from August 19th to Decem- 
ber 22nd, 1920. Heavy winter rains made irrigation unnecessary until March. 
From then urttil the following November, the rounds averaged 20.1 days apart. 
From December to May, the rainfall was distributed as follows: 


December, 1921 


J anuary, 1922 

2.23 

February, 1922 

12 

March, 1922 

1.62 ‘‘ 

April, 1922 

.10 ‘‘ 

May, 1922 

43 


‘Third sea.son’ irrigation was completed on March 11th. The field had 
two rounds and ‘Dryspotting.’ Irrigation was suspended 60 days before har- 
ve.sting. 

“(4) The field was not fertilized until December 7th, the delay being due 
to the labor situation following the strike. One thousand and twenty-four ]>ounds 
per acre of “F” fertilizer were applied, giving 113 pounds of nitrogen per acre, 
M pounds of roOr, and 30 pounds K,0. Two doses of nitrate , of soda, 496 
pounds per acre each, were applied in the irrigaton water, finishing on March 
21st and June 19th. The field thus received a total of 256 pounds of nitrogen. 

“The laboratory record gives the following juice analysis; 


Tons cane per ton sugar 7,86 

Percent sucrose 13.88 

Brix 19.13 

Polarization 16.69 

Purity 87.25 


“The cane could have been ripened further except a 12-acre portion of the 
field on shallow coral soil. 

“(5) There was a vigorous weed growth, especially in the coral area; the 
charges were $3.00 per acre for this item. 

“(6) The harvesting commenced on May 26th and finished June 8th, 1922, 
making the cane about 23 months old. 


Tons sugar per acre per month 673 

Tons sugar per aero per crop 15.14 

Tons cane per acre per crop 119.00 


Field 1-E (58.80 Acres), 1922_£1rop, Plant Cane: 


“(1) Before planting Field 1-E was harvested May 20th to May 27th, 1920. 
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**( 2 ) The field was planted August 8th to 17th, 1920. The seed was unsd- 
lected body seed from 12-monlhs old cane in Field 9-P>. It was planted butt to 
butt and required 71 bags per acre. Germination was poor, as it took 14 bags 
per acre to replant it. b'ield was planted by Hoy Scouts. 

“(3) Irrigation rounds averaged 13.5 days from wSeptember 1 to Novem- 
ber 9. Winter rains made irrigation unnecessary from December 22nd to Feb- 
ruary 17th. From then until the end of October, the rounds averaged 23 days 
apart. From December to May, the rainfall was distributed as follows: 


December, 1921 


January, 1922 

2.23 

February, 1922 

12 ‘ ' 

March, 1922 

1.62 “ 

April, 1922 

10 " 

May, 1922 

43 


‘Third season’ irrigation was completed on April 15th, 1022, consisting of 
nearly one complete round, or 66 days prior to harvesting. 

“The laboratory record gives the following juice analysis: 


Tons eniio per tons sugar 7.05 

Percent sucrose 15.12 

Brix 21.12 

Polarization 18.37 

Purity 86.98 


‘‘(4) The field was not fertilized uniil I)eccml)er 7tli, the delay being due 
to the labor situation following the strike. One thousand and six pounds per 
acre of “1'” fertilizer were applied December 6ih, 1920. equivalent to 101 pounds 
of nitrogen, 30 pounds of PoO.-, and 30 pounds of 1\..(). Two doses of nitrate 
of .soda, of 500 pounds each, were ap])lied in the irrigation water, being finished 
on March 25th and June 23rd, The field thus received a total of 251 ])ounds of 
nitrogen per acre. 

“(5) There was weed growth, the charges for hoeing being $3.53 ])er acre. 

“(6) Harvesting commenced on June 21st and finished June 7th, F122, the 
cane being not quite 23 months old. 


Tons sugar per acre i)or inontli 
Tons sugar per acre ])er crop . . 
Tons cane per acre jku* crop... 


.67 

15.51 

109.34 



Potash in the Hilo District. 


r>y J. A. Verrkt. 

PEiMiiiKEC) l£xrKRiMENT No. 6, 1922 Crop, 

Onomk.\ Experiment No. 11, 1922 Crop. 

We have recently harvested two experiments in the Hilo district, from 
both of which we obtained distinct gains from the use of potash. 

Experiment No. 6 at Pepeekeo compared 12.S and 250 pounds per acre of 
sulphate of potash with no potash. The cane was Yellow Caledonia, planted 
August 6, 1920, and harvested May 1, 1922. All plots received equal amounts 
of nitrogen from 750 pounds of .sulphate of ammonia per acre. This was ap- 
plied in three equal doses, in October and November, 1920, and March, 1921. 
The potash was applied in late August, 1920. 


Amount Of Potash 

Pepcckco Sugar Co. Exp. 6. i9ZZ Crop 
Field ZA. 



The results obtained at harvest are tabulated as follows: 


Treatment 

Tons Cane 


per Acre 

No potash 

46.8 

125 lbs. sulphate of potash 

51.7 

250 lbs. sulphate of potash 

54.4 


Results of a similar nature were obtained in several experiments at Onomea. 
A ton of cane, as it goes to the mill, removes from 2 to 3 pounds of potash 
(KjO) from the soil. A part of this is returned to the fields in the mud press 
cake and mill ashes. 
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We see from this that unless we wish to further deplete the already low 
potash in the soils of the Hilo district, we should add at least 120 pounds of 
KoO per acre per crop. If all mud press cake and mill ashes are returned the 
above amount should take care of a 40-ton crop without too great a strain on 
the soil. 

In fields averaging yields much above this it would be advisable to use larger 
amounts of ])otash. 

In experiment No. 11 at Onomea we compared equal amounts of Kj,0 from 
sulphate of potash, muriate of potash, and molasses ash. 

The cane was Yellow Caledonia, planted May 1, 1920, and harvested June, 
1922 The potash was applied May 14, 1920. All subsequent fertilizations were 
uniform to all plots. On July 13, 1920, 300 pounds of nitrate of soda per acre 
were applied. On September 21, 1920, and ]\Iarch 22, 1921, applications of 
ammonium sulphate were made at the rate of 300 pounds per acre. 


The results obtained at harvest are given below: 


Treatment 

Pounds 

KoO 

Tons C 
j j>er Ae 

Sulphate of ])otasIi 

75 

40.3 

No potash 


33 . 1 

.Nturiate of potash 

75 

39.8 

No j)otash ' 


,34.3 

Molasses ash ' 

75 

' 38.5 

No potash 1 

i 

i 35.4 


The above results are slightly in favor of suli)hate of potash, and although 
final conclusions cannot be drawn on the results of one experiment, at about 
e(|ual cost per unit of K^O, the sulphate should be ])referred. The sulphate 
should be preferred for other reasons also. On irrigated plantations large amounts 
of chlorides are being added to the soils in the pumj) waters. We should not in- 
crease these amounts if we can help it. 

In the rainy districts the lime content of the soils has a tendency to be low. 
When using muriate of potash the chlorine in the muriate would tend to com- 
bine with lime, forming calcium chloride, which is rather soluble in water. This 
woukl cause a rather rai)id loss of lime. Sulphate of potash, on the other hand, 
would cause the formation of calcium sulphate, which is only very slowly soluble 
in water.. 
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Forms Of Potash 



Details of Experiments. 


Onomka Experiment 11, — 1922 Crop. 


Potash: (1) Value of: 

(2) Kind to apply: 


Object: 

To determine the value of applying potash, and to eomj)are the following forms: 
Sulphate of Potash (46.96% K 2 O). 

Muriate of Potash (54.24% K 2 O). 

Molasses Ash (33.92% KgO). 

Location: 


Onomea Sugar Co., field 95 (along Hilo side of macadam road, running through Pau- 
kaa Section. 


Crop: 

Yellow Caledonia, plant cane, (jdanted May 1, 1920). 

Layout: 

Number of plots = 37. 

Size of plots = 1/10 acre, consisting of 6 lines, each line 5.5 feet wide and 132.0 
feet long. 
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Plan: 


Fertilization. 


Plots 

Number 
of Plots 

May 15, 

Kinds of Potash 

1920 

Pounds 

1 Potash 

) 

Total 

KgO 

X 

13 

None 

: 

1 

S 

8 

Suliduito of imtash 

! 159.7 

75 lbs. i 

M 

8 

Muriate of j>otash 

138.3 

75 : 

A 

8 

Molasses ash 

i 221.1 

75 


Fertilization: 

Uniform acH'ordiiif? to tlie following scliodule: 


Pounds of Niti;at(' of Soda por Arre. 



July 15, 

, Slept. 21, 

March 15, 

Total 


1920 

i 1920 

1 

1921 

Nitrogen 

All jdots . . 

300 

400 i 

300 

155 


1^kpi:f:ki:o Srr.AU O). Kxpkrimknt No. 6, (1022 Crop). 

Object: 

To detcrmijK* tlio nmouiit of potasli to apply. 

Crop: 

Ytdlow Caledonia, })laiit(Ml Ant»iist <5, 1920; liarve^^tod June, 1922. 

Location: 

Pepei'kco Sujjar Co., field 2A. 

Layout: 

Twenty-five jdots, eaeli 1/10 acre, eonsistinfj of 0 lines, 0.17 feet wide, 117.7 feet long. 

Plan: 

Fertilization — Pounds per Acre. 


Plots 

Number 
of Plots 

Aug., 1920 

Oct., 1920 

Nov., 1920 

March, 1921 

Sulidi. 

Potash 

Sulph. 

Ammo. 

Sulph. 

Ammo. 

Sulph. 

Ammo. 

1 X 1 

** 1 

... 

2.50 lb.s. 

250 lb.s. 

250 lbs. 

0 i 

8 1 

12.T lbs. 

1 250 “ 

2.50 “ 

250 ‘ ' 

1 I) 

8 i 

250 “ 

1 250 “ 

2.50 “ 

250 ‘ ‘ 
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Amount Of Potash 

Ftepeekeo Sugar Co. Exp.6,i9Z2,Crop 
Field ZK. 



Notwithstanding these points in favor of the sulphate over the chloride, the 
fact remains that in practice the chloride has found a wide field of usefulness in 
the fertilizer markets of the world and is pcrhajis more extensively employed 
than sulj)hate. 

Field trials generally, drawing from mainland and Euroj^ean results, show 
for most crops little or no difference between sulphate and chloride of potash. 
A few crops, however, show much better results with sulphate, the chloride ap- 
parently having a toxic effect. 

As to wheth<:r sugar cane is to be classed among the plants that make better 
response to sulphates than chlorides is a matter to be established by further tests. 

Molasses ash usually contains chlorides to sulphates in the proportion of 
about two to one and small quantities of carbonate of potash are also present. 
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Flume System of Irrigating Sugar Cane. 

By H. W. Baldwin. 

PREPARING: I'liis system may be used on any field regardless of con- 
tour, as it is adapted to both hilly and moderately level land. 

After the field has been well harrowed, the flume lines which have been 
previously worked out on the contour map, are staked out in the field. These 
flume lines are laid out in such a way that the furrows can be run from either 
side in “herring bone style/' with rows between 150 feet and 200 feet, more or 
less, in length, 'fhese rows should have a fall of from one to three feet per 
100 feel preferably, but may have more or less as reejuired. d'hey may be straight 
or curved according to the contour of the field. 



Fig. 1. Map of 27-acre fiold planted to fluino system hi September, 1921. 


FURROWING: We are trying two methods of spacing and furrows. In 
one .section the furrows are spaced feet apart and in the other 2 feet apart, 
as shown in the sectional view. Fig. 2. 

The cane is planted in two adjoining furrows, then a furrow is left for 
water and the next two furrows are planted and another furrow is left for water, 
etc. Thus the water furrows are spaced 5/4 apart in Section 1, and 6 feet 
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apart in Section 2, with two rows of cane in between. This results in 16,620 
linear feet and 14,520 linear feet of cane rows respectively per acre, or 98% 
more cane per.acre in one case and 73% in the other, than by the regular system. 

The direction of the rows is laid out by the surveyors, a line of cane tops 
marking the lines at intervals of about 50 feet. 

The furrows are made with a furrowing sled having 8^^ x 8^^ runners .set 
on edge. On the 27-acre plot which we are now raising by this system, a small 
two-runner furrowing sled was used. O’ig. 3.) I his was drawn by a pair 
of horses, the driver riding on the sled. 




Fij;. 2 , Showing Hjincing of furrows. 


COVKRING: After the seed was dropped a small furrow (I'ig. 4) was 
made with the hoe between the adjoining cane rows, covering the seed at the 
same time. This small furrow was used for the first few irrigations or until 
the roots were established, after which the water was sui)plicd in the regular 
water furrows. 



Fig. 3. Furrowing sled. 


COMBINED FURROWING, PLANTING AND COVERING SLED: 
This year we expect to use a two-row furrowing sled equipped with a seed drop- 
ping apparatus which will enable us to furrow, plant and cover all in one opera- 
tion. 
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FLUMES : The flumes are laid in the field after the furrowing is completed, 
as otherwise they would interfere with the movements of the furrowing sled. 

The flumes are made of one-inch redwood, surfaced on the inside. It is 
economy to use surfaced lumber as it reduces friction and gives greater capacity. 
The economical size of flume is one in which the width is about double the depth. 


I«l 


Fig. 4. Hliowing furrows used for the 
first irrigation. 


The maximum size of flume to start with is 6 inches deep l)y 10 inches wide. 
The flumes should be jdaced in the ground sliglitly in order that the tops will 
be about level with the ground surface, so that the horses can cross readily when 
cultivating. 

Two-inch holes are bored in the sides of the flume opposite the water fur- 
rows These holes are fitted with galvanized iron gates, b'ig. 6. We have been 
placing these gales on the inside, sliding upward, but they are often bent by tlie 
horses' feet in crossing the flitme, so liereaftcr we plan to place them on the 
outside to slide horizontally, Fig. 7. 



Fig. 6. Galvanized iron gate atta(died to scraji 
lumber. 



Fig, 7. Galvanized iron gate sliding horizon- 
tally, to be adopted. 


l)lSCHAR(iK PER OUT- 
1 .ET : With the holes wide oipen 
and a deptli of three inches of 
water in the flume, each hole 
will discharge about .044 cubic 
feet ]:)er second. After the first 
two or three irrigations the water 
flows much faster in the row 
than at first and the discharge 
per hole can be gradually less- 
ened. I>y the fifth or sixth round 
the desirable flow is about .0146 
sec. feet. 

A 6" X 10" flume will carry 
approximately 2.5 sec. feet, de- 
pending on the grade. This is 
sufficient for about 45 rows for 
the first water, or 170 rows for 
fifth or sixth water, or for 700 
linear feet of flume, as there are 
about six holes per 25 feet of 
flume. 
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Each 25 foot section of flume will discharge through its six outlets a total 
of about .0876 sec. feet after the sixth round, and each succeeding section will 
carry .0876 ^ec. feet of water less than the preceding one, and the flumes should 
be designed accordingly, so that they will gradually taper down and be full at 
all points. If the flumes are not full it is neces.sary to place small sticks, about 
an inch square and a little longer than the width of the flume, diagonally across 
the floor of the flume to back the water up by the outlet so that a sufficient flow 
will issue. 

At the end of the 700 foot section of flume a level ditch should be brought 
in to feed the next 700 foot section, etc. This level ditch will cross some of the 
canc rows and the portion of the rows below the ditch should be irrigated from 
the ditch by means of small pieces of scrap l"x6" lumber about eight inches 
long inserted in the ditch bank in such a way that water will flow through holes 
bored in the board. These holes should have gates attached similar to the ones 
in the flumes. Lath tubes can be used for the same purpose, but should have 
galvanized iron gates to control the flow. (I'ig. S.) Short level ditches can 
often be used in this way to save flumes where the contour of the land is favorable. 



IRRIGATION.' The fir.st two or three irrigations are applied in the small 
furrow in the narrow space between the cane rows. ( h'ig. 4. ) The water reaches 
half way down the row in a comparatively short time, but has now become so 
diminished that it progresses very .slowly. It was found to be economy to shut 
the water off from the row about this time and not attempt to water the last half 
of the row until the following day, by which time the ground has settled in the 
first half of the row and become less pervious than it was the day before. When 
the stream now reaches the middle of the row again, which it does very quickly, 
it is much larger than it was the previous day and the last half of the row can 
be watered in much less time than would have been required the day before. 

After the first 45 rows or so have been irrigated the small gates are closed 
and the next 45 rows are irrigated, etc. 

With each succeeding irrigation the water will run faster and the size of 
the stream in each row will be gradually diminished until there will be sufficient 
water to supply all the holes in the 700 -foot section of flume at one time. The 
gates should now be adjusted so that the water will reach the ends of the rows 
^t about the same time. After this the gates will not have to be changed. 
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The first irrigation requires from six to seven inches of water per acre, 
but subsequent irrigations take less and less until in the fifth or sixth round it 
is found that with each row receiving .0146 sec. feet only one acre inch per acre 
will be applied per hour, so that it is necessary to allow the water to flow for 
several hours in order to give a sufficient application. 

We are irrigating every week, as we believe that a light application of two 
or three inches per week will give better results than four or six inches every 
two weeks. 

The fact that water running in a long row for several hours does not result 
in a waste of water seems rather unbelievable to some; in fact, it seems incon- 
sistent with the writer’s former experiments given in the report of the ‘‘Com- 
mittee on Irrigation’’ at the annual I’lanters’ meeting of 1020. But it is really 
not as inconsistent as it seems, fur in the former case we were dealing with large 
flows of water running in level furrows which liave been undisturbed by culti- 
vation and have been baked in the sun for from fifteen to twenty days after each 
irrigation. 

We arc now dealing with entirely different conditions. Here we have fur- 
rows wdth a fall of from two to three feet per 100 feet. The ground is pulver- 
ized by frcciuent cultivation which forms a mulch and conserves moisture. With 
a wx'ekly application of w^atcr follow’ed by cultivaticni the o])timum moisture con- 
tent is practically maintained and the ground does not become baked. The con- 
stant stirring of the soil hy the cultivator breaks up the soil into small particles 
wdiich are carried by the water into the pores below, closing them and effectively 



Fig. 8. Lath tube with galvauiz.ed iron gate. 


])reventing excessive water losses by deej) percolation. The water flowing dowm 
the rows as a thin sheet i:)enetrates dowuiward as wxll as laterally, practically 
by capillary action. The longer the surface is kept saturated the longer this 
capillary action will continue. Water spreads farther by cajfillary action in a 
fine-textured, compact soil than in a loose, coarse soil, but requires a longer time, 
whereas, in the latter case it spreads faster but not so far. It is believed that a 
much greater lateral penetration is obtained by allowing a small stream to run 
for a long time than would result with a large stream running for a short time. 

The action of the fine soil particles in retarding deep percolation losses is 
somewhat analogous to the action of slow sand filters such as those of the Ha- 
waiian Commercial and Sugar Company, in which water is filtered through beds 
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of sand. After a few clays the interstices of the sand surface become so stopped 
by silt that even with several feet head the water penetrates so slowly that several 
inches of sand have to be removed from the surface of the sand beds at fre- 
(juent intervals. 



A field of young eane, showing the double row method of phinting under the flume system 

of irrigation. 

ACRES IRRICATED I’ER MAN I'ER DAY: On the 27 acre field 
the flumes are all of one size, namely, 4"x8". No level ditches were used to 
feed the flumes except at the beginning, consequently the flume carries only enough 
water to supply about half the holes at a time. When these are finished the gates 
have to be closed so that the lower part of the flume will be su])plied. At the 
next irrigation the gates have to be opened again. This involves considerable 
labor and prevents the nice adjustment pos.sible with the improved system which 
will do away with the opening and closing of the gates after they are well ad- 
justed. One man now irrigates the 27 acres in three days. 

With the improved system properly installed as outlined above, and the 
gates well adjusted, the irrigator will simply turn the proper amount of water 
into the flumes and allow it to run for several hours. The water will then flow 
into all of the rows automatically and the attendant will have only to patrol the 
flumes to see that none of the outlets are obstructed and to inspect the ends of 
the rows to be sure that the water has reached the ends and had ample time to 
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spread laterally before the water is turned off. Thus it should be possible for 
one man to irrigate a whole field in a day if there is a sufficient volume of water 
available. 



First ratoons of 1) grown nndor tlu* flume system of irrigation. 


Cl 1^ ri\ A'l'lt )N : After the roots are eslahlislied the water is applied in 
tile regular water furrows between the <louhlc rows of cane instead of in the 
furrow between the single rows of cane. The first irrigation in the water fur- 
row will recjiiire a great deal of water but the snbscf|nent irrigations will retiuire 
less. After the second or third round in the water furrows, cultivation is started. 
About two days after the irrigation a one-horse Planet Jr. cultivator is used, 
equipped with side hoes and irrigation shovel in the rear. This is run in the 
water furrow, the horse stepping over the flumes while the cultivator is lifted 
over. The cultivator de.stroys the weeds on two-thirds of the surface area and 
forms a soil mulch which conserves moisture, and the furrow is left ready for 
the next irrigation. The only hand-weeding required is on the narrow .strip 
between the cane rows. Only two or three hand-wcedings are required, as the 
cane shades in quickly on this narrow .strip so that the weeds do not grow. 

The cultivator is used for five or six months or until the cane becomes too 
large to permit the cultivator to pass between the rows. As the cane grows 
the side hoes are removed and a larger .shovel with side wings used which throws 
more dirt onto the cane. 
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YIELD: From the small plot of D 1135 cane raised by this system last 
year we obtained 92.7 tons of cane per acre which yielded 10.35 tons of sugar 
per acre. Single rows of cane raised by the same system gave 78.3 tons of 
cane and 8.32 tofts of sugar per acre. 

WATER APPLIED: The water applied to this crop was as follows: 

Inches per Acre. 

6.20 

6.12 

4.60 

4.31 

4.00 

2.18 

1.62 

2.24 

1.06 

1.78 

2.13 

1.66 

1.46 

1.85 

1.78 

1.58 

2.18 

2.13 

1.42 

1.53 

1.14 

1.53 

1.64 

1.59 

1.53 

2.25 

1.85 

1.38 

Total irrigation water 64.80 

Bainfall 27.20 


TOTAL WATEE APPLIED 92.00 ACRE INCHES 

Thus 1,002 pounds of water were required to produce one pound of sugar. 

In this experiment the aim was to see how much sugar could be raised 
with a minimum amount of water. On the 27 acre plot this year we are giving 
heavier applications of water with the exi)ectation of increasing the yield. 

DUTY OF WATER IN HAWAII: The following table, taken from the 
U. S. Department of Agriculture Bulletin No. 90, by Walter Maxwell, gives 
comparative figures on the ‘‘Duty of Water in the Hawaiian Islands.’’ To this 
table have been added the figures given aboye as well as like data reported in 
the April, 1922, Planters* Record, showing results obtained at Waipio and else- 
where. 


Round No. 
1 ... 
2 ... 

3 ... 

4 ... 

5 ... 

6 ... 

7 ... 

8 ... 
9 ... 

10 ... 
11 ... 
12 ... 

13 ... 

14 ... 

15 ... 

16 ... 

17 ... 

18 ... 

19 ... 

20 ... 
21 ... 
22 

23 ... 

24 ... 


26 

27 

28 



■ 


2S& 



The small streams of water are issuing from the right-hand side of the flume. One of 
them can bo seen in the immediate foreground of this picture. 



This field of H 109 cane was also handled by the new irrigation system. 


DUTY OF WATER IN HAWAIIAN ISLANDS. 



Water Applied per Acre 
per Crop 

Yield of 
Sugar per 
Acre 

Water Re- 
quired to 
Produce One 
Pound of 
Sugar 

Depth 

Quantity 

According to Schuyler & Allardt: 

Inches 

Gallons 

Touyxds 

Pounds 

Spreckelsville (1) 

262.00 

7 , 114,348 

11,100 

5,345 

Spreokelsvillo ( 2 ) 

216.00 

5 . 865,264 i 

11,100 

4,407 

Hamakuapoko 

230.20 

6 , 250,850 

11,300 

4,613 

At the Experiment Station: 





First crop ( 1897 - 98 ) 

94.51 

2 , 567,682 

24,755 

865 

Second crop ( 1898 - 99 ) 

103.01 

2 , 797,133 

27,133 

859 

April ( 1922 ) Record ( 1921 ) .. 

187 


19,700 

2,140 

Hamakuapoko: 





Field 8 ( 1920 - 21 ) 

216.96 

5 , 892,518 

10,100 

4,860 

Field 3 ( 1921 - 22 ) 

92.00 

2 , 490 ,Ono 

20,700 

1,002 


Average given in Planters’ Record of April, 1922 , for Oahu, Maui and Kauai. . 3,898 ’ 
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COST OF FIXTME SYSTEM : The costs given below are for the 27 
acre plot. By improved methods we expect to reduce these costs materially on 
the field to be planted this year. 

The irrigation costs include the cost to date plus an estimated cost of 28 
more irrigations at $0.15 per acre per round. 

Cost per Acre 


Furrowing $ 2.50 

Preparing and ditching 2.75 

Planting 6.62 

Irrigation 10.94 

Weeding 16.33 

Cultivating (includes horses at $0.50 per day) 6.89 


Flumes ($27.40 per acre, distributed to three crops) 9.13 


TOTAL ESTIMATED COST FOB THE CROP *....$ .55.16 


Detailed Cost of Flumes: 

Lumber $544.60 

Galvanized iron : 36.00 

Labor complete in place 170.33 


Total 


$751.33 


Cost per lineal foot of flume $ .0975 

Cost ])or acre 27.40 


By carefully laying out the sy.stem on a two-foot contour map of the field 
we are to plant this year (Fig. 9) we have been able to reduce the amount of 
flume necessary to 170 feet per acre. This should cost about $17.00 per acre 
with the same price for lumber as last year, or a cost of $5.66 per acre if the 
flume cost is distributed to three crops. 


Cost of fertilizer and water omitted. 
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Liming. 


By J. A. Vkkukt. 

NiuUi Mill & Plantation Co,, llxpcrimcnt 1, — 1922 Crop, 

Pepeckeo Sugar Co., Experiment 5, — 1922 Crop. 

We have recently harvested two experiments on Hawaii having to do with 
liming. One was in the Hilo district at Pepeekeo and the other in the Kohala 
at Niulii. The cane in both cases was Yellow Caledonia. 

The soil in the experimental area at Pepeekeo was rather highly acid, re- 
quiring two tons of quicklime to neutralize the upper ten inches of soil. The 
Niulii soil was not sampled at the time the exj)eriment was put in, but other 
soil samples from this plantation .show about twice as much available lime as 
do the soils in the Hilo district. 

fn both cases all plots received uniform fertilization, corresponding to that 
given to the rest of the field by the plantation. 

The amounts of lime used and the results ol)tained are given in the two 
following tables: 


Lime Experiment 

Niulii Mill Plantation Co Exp.l,iaaa Crop 
field E8 Mokopalo 



NIULII EXPERIMENT 1 — LIME. 



Treatment 

1 

1 Yield per Acre 

Cane 

Q. E. 

Sugar 

Two tons Waianae lime 16.7 

No lime ' 15.2 

8.65 

8.43 

1.92 

1.80 
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PEPEEKEO EXPERIMENT 5 — LIME. 


n Treatment 

Yield per Acre 

Cane Q. B. | Sugar 

Pour tons lime per acre 

50.1 

7.70 

fi.5l 

Two tons lime per acre 

49.4 

7.74 

0.39 

No lime 

51.7 

7.94 

6.52 


The rather low yields at Niulii were due to two bad years in succession 
w fieri the cane suffered severely from drought. Pry weather made it necessary 
lO replant this field twice. 

The returns at Niulii, although small, were consistently in favor of lime — 
that is, all the lime i)h)ls were a little bit better than the adjoining no lime plots. 
Hut although these gains are consistent, they are too small to lie profitable unless 
the beneficial cfYects of the liming arc continued for several crops. 

Under good weather conditions with bigger yields, the gains from liming 
miglu have been larger and economically profitable. 

We i)lan to continue this test for several croj)s, without further additions 
of lime, to determine how long the original lime is effective and to note the total 
sugar gained from this amount of lime. 


The results ol)tained at Pepeekeo 
in that there were no increased yields 

Lime Experiment 

Niulii Mill & Plantation Co Exp. l,19ez Crop 
field 26. Makapala. 





did not follow those obtained at Niulii, 
from the lime plots. 

As a whole, our lime experiments 
to date have given negative rather than 
l)ositive results. liven in the few ex- 
periments which show gains, these gains 
have generally been too small to be ])rof- 
itable. Plantations which do not fertilize 
heavily would get much higher returns 
for the money spent by buying nitrogen 
rather than lime. 

Before any extensive liming opera- 
tions arc started, they should be preceded 
by a thorough investigation of the re- 
turns to be expected. 

Dciails of llxpcrimcnis. 

Niuijt Mill and Plantation Co., Ex- 
periment 1, — 1922 Crop. 

Object: 

To determine the value of applying lime 
in the Kohala district. 

Location;^ - 

Niulii Mill and Plantation Oo., field 28, 
Makapala. 
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Crop: 

Yellow Caledonia, plant canc (August 10, 1920). 

Layout: 

Number of plots = 16. 

Size of plots= l/20tlj acre, consisting of 6 lines, eacli line 4.7 feet wide and 78.55 
feet long. 


Lime Experiment 

Pepeekeo Sugar Co. Exp.S, I92t Crop 
Field IB. 
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Plan: 

Odd plots (X)=no lime. , 

Even plots (1j)=2 tons of lime per acre. 

Fertilisation: 

TTuiforni to all plots according to the follow- 
ing schedule: 

January 28, 1921 — 500 lbs. of High Grade 
per acre. 

.June, 1921 — 250 lbs. of Nitrate of Soda 
per acre. 

High Grade = 12% N, (Vf P-Or,, 1% KoO. 
Experiment jdanned by J. A. Verret, W. P. 
Alexander and W. L. S. Williams. 

Experiment laid out by H. L. Denison. 
Ex])eiiment liarvest'‘<l by W. (’. .Jennings. 

I’lCfKKKKO IvXl'KKlMKNT 5 . - - l ‘>22 C«f)l’. 
Object: 

To dot(‘rmine the value of lim(‘ on acid soil. 

Location: 

Pejieekeo Sugar (V)tnpany, field H. 

Crop: 

Yellow Caledonia, jdant cane. 

Layout: 

Niiniber of ])lot.s = 22. 

Size of plots = 1/10 acre, consisting of 0 lines, 
each 5.75 feet wide and 126.84 feet long. 


Plan: 


Plots 

Number 

of Plots 

Plot Numbers 

i 

Treatment 

X 

8 

1, 4, 7, 10, 13, 16, 19, 22 

No lime 

A 

' 7 

2, 5, 8, 11, 14, 17, 20 

2 tons ])er acre Waiaiiae lime 

B 

1 7 

3, 6, 9, 12, 15, 18, 21 . . . 

4 tons per acre Waianae lim(3 


Fertilization: 


Fertilization in Pounds per Acre. 



Plots 

September 1, 
1920 

November 1, 
1920 



All 

375 lbs. B-7 

375 lbs. B 7 



B-7 = n% N, e% PoOr,, 6% K 2 O. 




296 


Soil Analysis: Colorimetric method — lime requirement to bring to immediate neutrality 
— 2 tons Waianae lime per acre. Bccommcnded application to maintain at neutral 
point — 3 to 4 tons Waianae lime per acre. 

Experiment plknned by J. A. Verret, W. P. Alexander and W. L. S. Williams. 
Experiment laid out by W. L. S. Williams. 

Experiment harvested by H. K. Stender. 


The Maui Progenies. 

By W. W. G. Moir and E. L. Caum. 

The briefly summarized data presented below were obtained from experi- 
ments planned and laid out by the writers, and carried on by them with the co- 
operation of the Maui Agricultural Company and the Wailuku Sugar Company. 
The work to date divides naturally into four parts, corresponding to the four 
years 1919 to 1922, but for the sake of convenience the progress on the indi- 
vidual experiments is detailed from the beginning to the present time, instead 
of each year’s work being dealt with as a unit. In the beginning, the different 
experiments were numbered, each number being preceded by the letter S, an 
abbreviation of Selection. Later this sy.stem was discontinued, the progenies from 
the various experiments being combined into two groups, corresponding to the- 
two ])lanlations, and each group numbered consecutively. 

Experiments S 1 to S 5 were planted in the Seedling Nursery, llamakua- 
poko Section, Maui Agricultural Company; S 6 in Field 96, and S 7 to S 16 
in Field 95, Wailuku Sugar Com])any. 

EXPERIMENT S 1. I'^arly in 1919, H. D. Sloggett, then in charge of 
the Hamakuapoko Section of the Maui Agricultural Company, cut a number of 
eyes of H 109 cane, choosing large eyes from big sticks. These eyes were ger- 
minated in pots made from shingles, and on May 12, fifty were set out in Field 
4, spaced about a foot apart in the row. These plants were not given any special 
treatment, being handled under the normal plantation method. 

On May 28, 1920, the forty stools remaining from Mr. Sloggett’s original 
planting were cut, data being taken on the number of sticks, suckers and shoots 
per stool, relative size, and vigor of growth. The seed from these stools w^s 
planted end to end, with an 18-inch .space between progenies. In all ca.ses every 
stick of each stool was cut for seed, the entire stool being used for this purpose. 
Observations mad^ during the year showed great variation among the progenies 
of the several stools, and in 1921, after one year’s growth, the difference in ton- 
nage of cane in some cases was over 200%. A survey was made, and stools 
selected from eighteen of these progenies for planting in the progeny-test area 
at Hamakuapoko. Data were taken on the number of sticks per stool, relative 
size of sticks, and the color and growth types.^ The forty original progenies 
were ratooned for further study. The eighteen selected stools were given con- 
secutive numbers in the new progeny planting mentioned above, and the later 
v/ork on this planting will be dealt with further on. 


IH 109: A Study in Variation. Haw. PI. Bee. XXV, pp. 269-281. (Dec., 1921.) 
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EXPERIMENT S 2. Oji June 2, 1920, ten stools of 11 109, each very 
uniform for size of stick and with a minimum of eight sticks each, were cut in 
Field 4, M. A. Co. The standard used in selecting these stools was exceed- 
ingly high for this field, which is one of the oldest on the plantation, and is 
heavily infested with nut-grass. Data were taken on the number and relative 



Fig. ]. A first ratoon stool from a single eye, at one year of age. 


length and diameter of slicks, and position of the stools in the field, as regards 
ditches, water-courses, etc. Density readings of juice samples from each stick 
were made with the refractometer. Each .stick of each stool was then cut for 
seed and planted. The seed-pieces from each progeny were sorted out accord- 
ing to the number of eyes on each, and those of a like number of eyes planted 
together. These seed-pieces were space<l about ten inches apart in the row, 
with a larger .space separating the series of four-eye cuttings, for in.stance, from 
the three-eye series. A space of two and a half feet separated progenies. 

In 1921 a survey was made and differences noted between progenies as re- 
gards type of growth and uniformity of stand, as well as in the comparative 
value of the progenies as a whole. Stools were selected from six of these for 
planting in the progeny test area, the other four being discontinued. They were all 
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good stools from good progenies, dilfering in this respect from those chosen from 
S 1, which in some cases were good stools from mediocre progenies. Spacing 
the seed seemed to have a tendency to induce slooling. As a general rule only 
two or at mosl nhree eyes per seed piece germinated, indicating that there is 
no advantage in the use of seed pieces with a greater number of eyes. Corre- 
lated with this there is a disadvantage in the unnecessary amount of cane planted. 
These progenies also were allowed to ratoon. 

EXPERIMENT S 3. ()n June 3, 1920, twelve sticks of plant 11 109 and 
six of ratoon Lahaina were cut, data being taken on the degree of uniformity 
of the stool and the absolute size of the stick. These sticks were then cut into 
single-eye seed-pieces, and each eye planted, the pieces being spaced eight inches 
apart, and arranged in the order of their occurrence on the stick. 

On the 1921 survey it was noted that only twenty eyes of the three hundred 
and eighty-six planted failed to germinate, a failure of less than 3%. These 
twenty failures were scattered throughout the length of the sticks, being grouped 
neither near the butts nor the tops. In only two cases did the extreme bottom 
eye, and in no case did the extreme top eye, miss. On the whole, the fourth to 
the eighth eyes from the top of the stii^k germinated most rapidly. (In one- 
year cane this would be about the second seed under plantation cutting.) These 
were followed by the uppermost eyes and the eyes immediately below, which 
came up together, and then gradually by the rest, the butt eyes being the last 
to show. The resulting differences in height, while very marked at first, were 
no longer noticeable after a few weeks. At the time the selection for ])lant- 
ing in the progeny test area was made it was noted that the stools arising from 
sticks taken from uniform stools were on the whole better than those from 
sticks taken from irregular stools, but that the position of the eye on the stick 
had no efifect on the size of the stool arising from it. Seed from six of these 
366 stools was jdanted in the ])rogeny test area, five of TI 109 and one of La- 
haina. The rest were discontinued. 

EXPERIMENT S 4. Ten small, scrubby sticks of IT 109 were chosen 
from very irregular stools. The other sticks of the stools, while generally of 
mixed sizes, were always larger than the stick chosen. These sticks were cut 
into normal sized seed-pieces before planting. This planting was done on June 
3, 1920. 

On the 1921 survey it was noted that the vStools resulting from these small 
sticks were on the whole very irregular, but four uniformly good stools, one 
each from four progenies, were selected for planting in the progeny test area. 

EXPERIMENT S S. This experiment, which was planted on June 4, 
1920- was designed to test the comparative value of selecting uniformly large 
stools for seed, as against selecting large sticks regardless of the type of stool 
from which they are taken. In the stools selected the sticks, always six or more 
in number, were of a uniform size. The single sticks taken as a check were of 
the same size as those in the uniform stools, but were taken from very irregular 
stools. Not more than one stick was taken from any one of these irregular 
stools, while in the uniform stools all the sticks were taken. Each stick was 
cut up into seed-pieces, body seed being used as in the previous experiments. 
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Fig. 2. Erect type. Fig. 3. Semi-ercct type 
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In 1921, a count of the total number of sticks per line showed no advan- 
tage eilher way, but the lines planted with seed from uniform stools were much 
more uniform than those planted with seed from irregular stools. A few stools 
were selected for planting in the progeny test area. 

In January, 1920, about 125 more single eyes of H 109 were cut and started, 
great care being taken in choosing large parent sticks from several stools. It 
should be noted here that these single-eye cuttings were made by simply gouging 
out the eye without destroying the stick, which was left standing. In later 
work this method was change;!, the stick being cut up into pieces, each bearing 
one eye. In the middle of April one hundred of these plants were set out, spaced 
two and a half feet apart in the row. This planting was not given an S number. 

In 1921, twenty-one of the.«e 100 .stools were chosen for further progeny 
planting, data being secured on the number of sticks per .stool, relative size and 
vigor of .same, and color and growth types. Tremendous differences were noted, 
particularly in type of growth. The.se .stoeds were ratooned, and in 1922 the 
young ratoons demonstrated these differences to an oven more marked degree 
than did the original stools. I'igure 1 shows one of these fir.st ratoon .stools. 

All the stools selected fnnn these Tdamakua])oko experiments were given 
con.secutive numbers in the new progeny test ]ilanting, regardless of the experi- 
ment from which they were taken. All these progeny ])lantings were made from 
three-eye cuttings spaced one foot apart in the row. It might be noted that the 
space given over to these plantings had been cropped with cane for many years, 
and more recently had been planted to sweet potatoes. This is mentioned simply 
to show that any exceptional stand is due to the canes themselves and not to 
any especially favorable treatment. After making the selections in these Hama- 
kuapoko e.xperiments, all the H 109 cane not planted in the progeny test area, 
discontinued progenies as well as di.scarded seed from continued progenies, was 
planted as crop cane in Field 94, Keahua Section, M. A. Co. 

In 1922, a careful survey of the progeny planting was made and data col- 
lected. Due to press of time, no tonnage figures were obtained. A few re- 
fractometer readings were made, but because of the fact that the instrument 
was in bad shape, this part of the work was not continued. 

Of the 2445 stools comprising the 65 progenies in the test area, 510, or 
about 21%, were selected for further planting. Only two progenies were dis- 
carded entire. Twelve new stools of H 109 were added from the crop cane at 
the ends of the w^ter-courses, making a total of 522 stools of 75 progenies, 
which planted about five acres of the extended progeny test area in Field 3. 
Seventy-four of these progenies are of H 109, the other one being of Lahaina, 
a stool of which, originally from S 3, seemed in addition to other good qualities 
to be resistant to root-rot or I..,ahaina disease. 

These progenies were of several types, and the differences between these 
types were striking. In nearly every case the type characteristics were found to 
be inherent — that is, the progeny harvested in 1922 was very similar to the 
mother-stool of 1921. These differences were’ so obvious in many cases that 
they were plainly apparent to the casual observer. The Lahaina progeny that 
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3 


Fig. 4. Recumbent type. This type does not show its Fig. 5. Recumbent bird ’s nest type, 

recumbent character from the beginning, but the slender, 
weak shoots w'ill indicate the slender, w^eak sticks to follow. 
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had attracted attention last year continued to produce good stools, but not suf- 
Bciently good to compete in tonnage with the adjoining H 109 progenies. 

The ratoons of the 1920 planting were not cut, the plan being to obtain 
tonnage and juice*figures on mature cane, as well as to afford an opportunity 
for the study of progenies at two years of age. 

EXPERIMENT S 6. On June 8 and 9, 1920, a large amount of one- 
year plant H 109 was selected and cut in Field 91C, Wailuku Sugar Co. The 
stools chosen, none of which had less than six sticks, were all uniform — that 
is, the sticks in a given stool were all of approximately the same size, the varia- 
tion in diameter being negligible. The length, of course, varied with the age 
of the sticks. 'I'he stools were, naturally, not absolutely uniform with each 
other, some being composed of smaller .sticks than others, but an attempt was 
made to get stools which were approximately uniform with each other. The 
sticks were generally large, above the average for H 109 of this age. This cane 
was planted June 9. in Field 96. The plot was intended to serve as an observa- 
tion test, or as a seed ])lot if the (luality of the cane was markedly better than 
that of the rest of the field, it was not a progeny planting. 

In 1921 the cane on this plot was stripped and a general inspection made. 
It was found that, while the number of sticks per line was no greater than in 
the regular jdantation cane, they were more uniform and of better size. This 
experiment showed that carefully chosen seed carefully handled will give a 
better yield than seed cut and handled in the usual haphazard fashion. This area 
was used as an observation test only, and no seed was cut or further data taken. 

EXPERIMENT S 7. This consisted in an observation test on the growth 
of exceedingly stunted sticks of late Striped Mexican replant cane in an H 146 
field. I'he stalks taken for seed were less than one-half inch in diameter, and 
each constituted the only stalk arising from its seed-piece, which in each case was 
of more than average size. 

Jn 1921 it was found that the stunting in question was purely environmental, 
the sticks giving rise to normal stools, sotpe of which would pass any reasonable 
standard set up for original field .selection?. 

EXPERIMENTS S 8 AND .S 9. The.se experiments, which were planted 
on June l.S, 1921, may well be considered together, as the plan and layout were 
identical, the difference being in the variety of cane employed. S 8 was planted 
to H 109 and S 9 to Lahaina. They were designed to test the comparative value 
of selected seed against the regular plantation .seed. As in the case of S 6, 
each stool chosen was composed of uniform sticks, but the stools were not neces- 
sarily uniform with each other, although they were as nearly so as possible. As 
there was neither sufficient seed nor sufficient space available to lay out an ex- 
periment on the checker-board plan, the selected seed and the seed furnished by 
the plantation were planted in alternate lines. The plantation seed was top seed 
only, while that from the selected stools was top, body and butt seed mixed. 

In 1921 it was found that the stand in these experiments was very irregu- 
lar, due to the fact that considerable hard seed was used, and they were discon- 
tinued. However, five stools, four from S 8 and one from S 9, were selected 
for planting in the progeny test area in Field 100. Another fact which made it 
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A choice stool of H 109, consisting of seventeen sticks, grown from ordinary jdantation top seed. 
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seem undesirable to continue these experiments was the discovery that the ma- 
terial used, both plantation and selected seed, was a mixture of several types of 
each variety. This was quite striking in the case of the Lahaina in S 9. 

EXPERIMENT S 10. On June 22 to 24, 1920, about 200 stools of one- 
year H 109 were cut in Field 91 and planted. The stools chosen were prac- 
tically all large and uniform. Six sticks per stool was the minimum, unless the 
sticks were exceptionally good, in which case a stool of five sticks was allowed. 

In 1921 this area was gone over carefully and 71 stools selected for further 
progeny test planting. The stand in this experiment was very uniform, and the 
stools were well developed. The standard used in selecting these 71 stools was 
exce])tionally high, and many striking type specimens were found. 

EXPERIMENT S 11. This experiment, planted in June, 1920, was a 
replica of S 10, on a smaller .scale, except that the cane variety employed was 
Striped Mexican. A few stools only were chosen, and planted next to S 10. 

In 1921 it was found that only two stools in this area were of sufficient 
value to warrant replanting as progenies, partly because of the numerous Rose 
Bamboo mutations present. 

EXPERIMENT S 12. This was a progeny planting of one stool of D 
113.S, which consi.sted of ten very large and uniform sticks and one large sucker. 
The seed from this stool was planted in June, 1920. 

In 1921 it was found that, as the seed had not been spaced, and as the 
progeny was a prolific stooler, the sticks were t|uite small, although very numer- 
ous. This progeny was left for further observation, but a fire destroyed the 
material and further work was of necessity postponed. 

During July, 1922, H. B. Penhallow, Manager of the Wailuku Sugar Co„ 
had the ratoon crop of this progeny cut and extended to a little over half an 
acre, spacing the seed a foot apart. The new stand arising from this spaced 
planting gives promise of being of great interest, as the young shoots are ex- 
ceedingly strong. 

EXPERIMENT S 13. This was a progeny planting of one stool of H 
109 which consi.sted of 23 sticks. A photograph of this .stool is shown on the 
cover-page of the Record for December, 1921. The cane was planted in June, 
1920. 

In 1921, four stools, superior to the rest in size and uniformity, were selected 
and included in the progeny test planting in h'ield 100. The remainder was left 
for observation, but was destroyed by a cane fire. 

In 1922 the first ratoon crop was cut by the plantation and extended to a 
half acre, the seed being spaced one foot apart. This progeny maintained its 
distinctive characters, producing a somewhat erect and heavy stand of cane. 
The ratoon crop on the original stool in Field 91 was cut and planted in the 
extended progeny test area in Field 67, Wailuku Section. This ratoon stool 
consisted of 31 sticks, very much like the 23 sticks of the original stool. 

EXPERIMENT S 14. This experiment, planted June 28, was a progeny 
planting of one stool of Yellow Caledonia, consisting of 23 very large and uni- 
form sticks. 




A fine stool of Lahaiua, consisting of twenty-three sticks, grown from ordinary plantation top seed. 
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Although a fast grower and a heavy stalk producer, this progeny did not 
reproduce the large stools in 1921, probably on account of close planting. This 
progeny was not continued as a plant crop, due to the cane fire mentioned above, 
but the ratoons were continued for further study and were extended to a half 
acre in Field 89. 

EXPERIMENT S 15. This was a .small observation test on the use of 
small .sticks for seed. The cane was the so-called D 1135 type of FI 109, aver- 
aging about ^ inch in diameter. It was planted in July, 1920. 

On the survey in 1921, it showed that small sticks are exceedingly poor 
planting material. Less than half of the seed germinated, and the stand was 
very open and irregular. 

EXPERIMENT S 16. This was a progeny planting, made in July, 1920, 
of a very irregidar stool of 11 109. The entire .stool was cut for seed. 

In 1921 it was noted that the .stand was very poor, the experiment tending 
to sliow that progeny plantings should be made from uniform stools only. 

In a<ldition to the 82 progenies taken from Experiments S 8, 9, 10, 11 and 
13, eight new Lahaina and ten new H 109 progenies were planted in the progeny 
test area. All seed was spaced a foot apart in the row. The butts and hard 
seed from these progenies were planted as crop cane along the level ditches. A 
few photographs .showing the different growth types of these progenies were 
published in the Record for December, 1921. As explained there, those pho- 
tographs showed the cane at the age of three and a half months. In 1922, 
when the cane was one year old, the different types of growth were even more 
apparent than in the young cane. 

In June, 1922, a careful survey of all progenies was made, data being taken 
on color and growth types and on the relative value of each progeny as a whole. 
Of the 3603 stools comprising these 100 progenies, 420 of H 109, or approxi- 
mately 14%. and 64 of Lahaina, or about 11%, were selected for further progeny 
planting. Seven progenies were discarded entire. 'J'hese 484 stools were planted 
in Field 67. Thirty new stools of H 109 were added from the crop cane along 
the ditches, and 42 were selected from fourth ratoons in Field 81. These latter 
progenies will be followed with particular interest, as they practically all repre- 
sent one type, and from the size and vigor of the stools selected, this type appears 
to be very desirable. 

Here at Wailuku, as at Hamakuapoko, very striking type differences were 
found among the progenies, and it was possible to correlate certain growth types 
with stalk and color characteristics. The Lahaina progenies carried on, although 
not absolutely characteristic of the variety, seem to represent a superior strain, 
quite distinctive at certain stages of growth. These Lahaina progenies, together 
with the one at Hamakuapoko, represent the only selections that have been made 
in this variety, except for the new ones added at Keahua this year, which will 
be described later. 

All told, there were 167 progenies planted in the Wailuku test area. In 
addition, a little more than an acre of Lahaina^ was planted with choice to]) seed 
.spaced a foot apart, to afford a good opportunity for selection next year. 




An exceptional stool of H 109, consisting of twenty five sticks, all apparently arising from a single eye. 
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It might be mentioned here, before describing the 1922 selection work at 
Keahua, that the Wailukii Sugar Co. is cooperating in this project to the best 
of their ability, and are carrying on a number of independent experiments along 
similar lines. They have planted about twelve acres, using Lahaina, H 109, D 
1135 and Strii)ed Mexican, involving single eyes spaced 18 and 24 inches, single 
eyes (Cuban type) spaced 18 and 24 inches, and plantation seed spaced 1 and 
12 inches. All the seed used was of excellent quality. 

The following quotation is from a letter from H. B. Penhallow, dated August 
12, 1922; ^‘Besides the progeny plots which you have planted from time to 
lime, we have planted from the stools selected by you for further observation 
all the seed you left uncut, in a mixed planting in Field 67. That is, we made 
no attempt to keep the seed from each stool separate. From the remainder of 
the progeny fields in 95 and ICO we made a stalk selection, rejecting all under- 
sized cane, and have been able to plant about 40 acres of such selected H 109 
in addition to the above. Field 89, in which this years’ Experiment Station is 
located, has been planted with stalk selected Lahaina, and 16 acres in Field 71 
with the same, making a total of 66 acres of selected Lahaina. Four acres of 
stalk selected D 1135 were also planted in Field 71, in addition to that in Field 
89. All of this shotild give us excellent material to work in for further selec- 
tion next season and furnish good seed for more extended plantings of all the 
above mentioned varieties. In fact we will have enough such seed for our 
entire plant area next season, barring circumstances beyond our control. All 
seed planted this year was far more carefully selected than was the previous 
practice — all undersized stalks being rejected.” 

Figures 2, 3, 4 and 5 show some of the different growth types exhibited 
by stools of H 109 arising frcun single eyes. The i)articular specimens ]dioto- 
graphed were chosen from a large block planted March 10, 1922, by L. Ik (irant, 
at the request of the Wailuku Sugar Co. The photographs were taken June 16. 

The .summer of 1922 saw the beginning of the selection work in the Keahua 
section of the Maui Agricultural Co. Apj)roximately 800 stools of H 109 and 
300 of Lahaina were selected and marked for cutting in I'ield 94. About two- 
thirds of the H 109 stools chosen were in the area previously mentioned as 
having been planted with the discarded seed from Hamakuapoko. I'igures 6, 
7 and 8 show three of the stools selected at Keahua, the third one being a stool 
from the Hamakuapoko “discards.” These 1100 stools were cut and planted 
as progenies the latter part of June. 

During July, 1922, some 900 stools of H 109 were selected from one of the 
best fields on the Puukolii section of Pioneer Mill Co. These stools, which in- 
cluded many good type specimens, have been cut and planted as progenies by 
the plantation. 

Since this report is intended to cover all the Maui progenies, it would be 
well to mention the share taken by the Olowalu Company in the project. In the 
fall of 1921 fifty-six stools of H 109 were selected by Mr. Grant from the fields 
of the Wailuku Sugar Co. and planted at OloWalu. Choice seed of II 109 was 
secured from the Pioneer Mill Co. and planted in a block -adjoining these proge- 
nies. In addition, the plantation has selected several hundred stools from their 
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own fields for a progeny planting. During the present year they have made 
selections in the block planted with the seed from Pioneer, as well as reselecting 
in the Wailuku material. 

In conclusion it might be stated that in the writer's opinion, based on the 
data obtained thus far, a system of selection according to type characteristics 
seems to be the most .speedy and practical melhod of arriving at the desired re- 
sults. 


D 1 135 and Yellow Tip at Honokaa. 


The Honokaa Sugar Company has supplied us with ihe results of a test 
which was recently harvested on that plantation, comparing 1) 1135 and Yellow 
Tip. 

The cane was plant in an upper field at 1300 feet elevation. In this upper 
field the Yellow Tip gave l)etter yields than did 1) 1135. 'l'hi| is in line with 
general results elsewhere. As a general rule, at elevations of iJOO to 1500 feet 
and up, Yellow Tip will do better than most other canes. A strong item in its 
favor is its good ratooning powers. 

At the present time, the best results are being obtained on Hawaii by plant- 
ing Yellow Caledonia at the lower elevations, D 1135 in the middle and the Tip 
canes at the highest elevations. 

In former years the Tip canes found much favor in Hamakua, but they 
were forced out of cultivation, to a large extent, by Yellow Stripe disease. 

Both Yellow Tip and Strii)ed Tip are extensively ])lantcd in the Kohala 
district. Yellow Tip, especially, is being planted in the upper fields in the Hilo 
district. In neither of these districts are these canes siiflfering badly from Yel- 
low Stripe at the present time. 

We believe it both feasible and advisable to again try the Tip canes in the 
upper Hamakua fields. Good, sound seed should be obtained, preferably from 
Kohala, and a few fields planted for trial, very careful watch being kept in the 
meantime for Yellow Stripe, particularly when planting new fields. It is pos- 
sible that by careful selection of seed Yellow Stripe may be kept in control and 
good yields of sugar obtained. 
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The results obtained in the Honokaa test are given as follows; 


Plot 

Nq, 

Variety 

T. C. P. A. 

j Q. R.* 

T. S. P. A. 

1 

I) 1135 .... 

24.1 

9.17 

2.63 

3 

» 1135 .. .. 

25.46 

8.54 

2.98 

4 

D 1335 .... 

30.74 

8.59 

3.58 

6 

D 1135 .... 

26.85 

8.43 

2.69 

7 

D 1135 .... 

25.91 

8.69 

2.98 

9 

D 1135 .... 

23.8 

8.96 

2.66 


Average . . 

26.14 

8.73 

2.99 

2 

Y. T 

32.39 

9.36 

3.46 

5 

Y. T 

29.44 

9.57 

3.08 

8 

Y. T 

32.95 

9.56 

3.45 


Average . . 

31.59 

9.50 

3.33 


* Quality ratio b«'»socl on first mill juices. 

Within recent years a number of seedlings have been i)ropagated from tlie 
Tip varieties. These are now under trial. Additional seedling work is contem- 
plated, using Yellow Tip and Striped Tip as parent cancs. I>y obtaining crosses 
between these varieties and D 1135, Badila, and other cancs, we hope to secure 
seedlings that retain the vigor of growth at high elevations that is so character- 
istic of the Tip canes, combined with the resistance to Yellow Stripe disease com- 
monly met with in varieties such as D 1135. 

J. A. V. 


Field Distribution Record of H 1 09. 


Herewith is presented a graphic method of recording the field distribution 
of sugar cane varieties originated by H. B. Penhallow, Manager of the Wailuku 
Sugar Company and applied to H 109 for illustration. 

The figures opposite the field numbers below the circles show the approxi- 
mate percentage of seed used in planting a field where there was more than one 
source of supply. The heavy line connecting two circles shows the source of 
the largest quantity of seed used, or predominant strain. 

By referring to the legend on the chart the other types of lines will indicate 
the kind of seed used. Body seed was taken for planting, unless otherwise in- 
dicated by the line connecting the seed source with the field in which it was 
planted. 

This graphic method can be used to good advantage in studying and re- 
cording the performance of selected canes and their progeny. 

In addition to indicating the distribution, any other data may be recorded, 
as, for example, the tracing of the source of seed cane of outstanding fields — 
by recording the acreage yields or other notable features. 




Field Distribution Record 

H109 Seed 

Wailuku Sugar Company 

Received from H. 5. R A. Experiment Station in 191^ 
0,164 acres planted in field 8T Vlaikopu,cut for seed 
in 1915, and planted in portion of field 79 ond 7 5. 


Year m which 
cut for seed 
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Phosphoric Acid and Potash in Hamakua. 


Hamakua Mill Company Experiments 3 and 5, — 1922 Crop. 

These two experiments were planned to determine the need of phosphoric 
acid and of potash at Hamakua. 

Experiment 3 was laid out at Hamakua Mill in field lOB at an elevation of 
1300 feet. Experiment 5 was in field 35, Kukaiau. The cane in both cases was 
plant, that in No. 3 being D 1135 and that in No. 5 being Yellow Caledonia. 
All plots received 155 pounds of nitrogen per acre from 1000 pounds of nitrate 
of soda. Some plots received no further fertilization; one series received 360 
pounds of muriate of potash in addition; to another series 900 pounds of acid 
phosphate were added to the nitrate application. A fourth lot of plots got both 
the potash and the acid phosphate. , 


Plant Food Requirements 


Hamakua Mill Co. Exp. 3, 1922 Crop 


Reid lOB. 


Cro*ft Rood 


37X 

46.3 

25A 

50.1 

13X 

44.0 

1 B 

38A 

56.9 

26X 

51.5 

I4B 

39.4 

2X 

39 X 

46.a 

ETB 

47.2 

I5X 

36.5 

3C 

40 B 

5 6.2 

Z8X 

43.6 

I6C 

45.6 

4X 

41X 

41.9 

29C 

50.1 

17X 

37.6 

5 A 

42C 

4T.6 

30X 

40.4 

18A 

36.3 

6X 

36.1 

43X 

41.5 

31A 

33.6 

I9X 

34.3 

T B 

34.7 

44A 

49.1 

32X 

37.6 

^OB 

38.6 

8X 

34.3 

45X 

44.0 

33B 

46.2 

Z1X 

38.6 

9C 

36.5 

46 B 

4T.9 

34X 

37.2 

22C 

45.1 

lOX 

34.3 

4TX 

54.0 

35C 

50.5 

23X 

46.2 

i'lA 

40.2 

CD 

O 

54.2 

36X 

38.4 

24A 

40.4 

I2X 

36.1 


1 


9tl3S 




£ 


Summary of Results 


IPW 

HooT 

Plat 


sqtmcni- 


k. 


K»0 


X 

24 

155* 



41.05 

5.64 

A 

8 

155* 

- 

ISO* 

44.09 

6.06 

B 

8 

155* 

ISO* 

- 

44.31 

6.09 

C 

8 

155^ 

ISO* 

ISO* 

4T.06 

6.46 


At Hamakua Mill, in experiment No. 3, the results show a very definite 
response to both phosphoric acid and potash, amounting to about 0.40 ton of 
sugar for either one. The gain amounted to 0.90 ton of sugar when both of 
the ingredients were used on the same plots. 
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At Kukaiau, on the other hand, there was no response from either potash 
or phosphoric acid. The plots fertilized with nitrate of soda only gave yields 
just as good as did the plots where complete fertilizer was applied. 

The results obtained from these two experiments are given in the following 
tables : 


Plant Food Requirements 

Hamakua Mill Co. Exp. 5, 192a Crop 
Field CKukouau) 




it 

I 

I \ 

II 


i > 


/ / - 

/ / X 34 + 

V* 37.6 

? 38.0 

y 31.6 

36.Z 

'♦ 36.1 

f 40.8 

y 36.8 

1 36.0 

'S 36.6 

? 39.4 

? 38.2 

t 37.0 

'« 34.8 

?43.l 

39.5 

* 38.8 

'J 38.2 

X 4I.« 

36.5 

1 35.2 

'• 34.0 

»40.9 

« 39.8 

1 I 35.9 

36.5 

i' 33.8 

♦^41.0 

f X36.3 

» 36.3 

f 36.2 

V 41.8 

1 1 33.8 

*i! 33.7 

» 34.2 

t? 31.0 

1 'S 32.5 

“ 34.0 

? 33.8 

30.7 

' V 36.0 

? 35.1 

» 34.0 

/ 

1? 39 0 

^ 39.0 

» 34.2 

Crop Cone 

^ YeliOM Coledonio 


/ 




J1 


■o 

(/) 

J 

t 


1 r 


Summorji of Results 


M8 & 


T 

reotmcf 

T77" 

Yields Per Acre 1 


H. 

■roir 

ki6.. 

c«ne 

O.R. 

&uaar 

X 

23 

15 5- 



36.47 

7.23 

5.04 

A 

7 

15 5- 


150^ 

37.16 

7.71 

4.82 

& 

8 

IS 5- 

ISO* 

- 

36.18 

7.38 

4.90 

C 

8 

1 5 5* 

15 0- 

ISO- 

36.71 

7.78 

4.72 


HAMAKUA MILL EXPERIMENT 3, - 1922 CROP. 


Treatment 

Yield per Acre 

Cane 

Sugar 

Nitrogen and phosphoric acid 

44.3 

6.09 

Nitrogen only (adjoining plots) 

41.4 

5.69 

Nitrogen and potash 

44.1 

6.06 

Nitrogen only (adjoining plots) 

41.4 

5.68 

Nitrogen, phosphoric acid and potash. . 

47.1 

6.46 

Nitrogen only (adjoining plots) 

40.4 

5.54 
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HAMAKUA MILL EXPERIMENT 5,- 1922 CROP. 


Treatment 

Yield per Acre | 

Cane 

Q. R. 

Sugar j 

Nitrogen only j 

36.5 

7.23 

5.04 

Nitrogen and phosphoric acid 

36.2 

7.38 

4.90 

Nitrogen and potash 

37.1 

7.71 

4.82 

Nitrogen, phosphoric acid and potash.. 

36.7 

7.78 

4.72 


Details of Experiment.' 

HAMAKUA MILL CO. EXPERIMENT 3,- 1922 CROP. 

Plant Food Reouirements 

Hamakua Mill Co. Exp.3. 192.2. Crop 
Field ip&. 


Tons 

Tens 

Cone 

p.o. 

Sugar 

56 

7 



s Cone Su9or 


Object: 

To determine the plant food requirement of sugar eune on the soils of Hamakua dis- 
trict. The comparison is made between: 

(1) Nitrogen alone; 

(2) Nitrogen and potash; . 

(3) Nitrogen and phosphoric acid; 

(4) Nitrogen, potash, and phosphoric acid. 
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Location: 

Hamiikua Mill Co., Field lOB (elevation 1300 feet). 


Crop: 

D 3135, plant (*anc (planted March, 1920). 

Layout: 

Number of plots = 48. 

Size of plots = 1/15 aero, consisting of 6 lines, each lino 4.625 feet wide and 104.65 
feet long. 


Plant Food Reouirements 

Hamakua Mill Co. Exp. 5, tdEE Crop 


Tons 

Cane 

p.a. 



155*N. ISS^N. 


I 50*K20 


Tons 

SuQor 



155* N. 155* N. 

150*Rf05 150*P»0s 

150*Ka0 


= Cane &u9ar 


Fertilization — Pounds per Acre: 




May 19, 1920 ! 

July 1, 

Nov. 1, 

Mar. 1, 


Total 


Plots j 

Number 
of Plots 

1 


1920 

1 

. 

1920 

1921 




) 


■ 

i 







1 

i 

Mur, Pot. 

Ac. Pho. 

N.S. 

N.S. 

N. S. 


K 2 O 

P2^r> 

X 

24 



300 

400 

300 

155 1 

... 

... 

A 

8 

360 

• • • • 

300 

400 

300 

155 

150 

, . . 

B 

8 


900 

300 

400 

300 

155 

. . . 

150 

C 

8 

360 1 

900 

300 

400 

300 

155 

150 

150 


Muriate of potash, 42% KoO. Acid phosphate, 17% P20r,. Nitrate of soda, 15.5% N. 


Experiment planned by J. A. Verret, W. P. Alexander and W. L. S. Williams. 
Experiment laid out by W. L. S. Williams. 
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Hamakua Mill Company Experiment 5 , — 1922 Crop. 

Object: 

To (’etermine the plant food requirement of sugar cane on the soils of Hamakua dis- 
trict. The comparison is made between: 

(1) Nitrogen alone; 

(2) Nitrogen and potash; 

(3) Nitrogen and phosphoric acid; 

(4) Nitrogen, potash, and phosphoric acid. 

Location: 

Hamakua Mill Co., Field 35 (Kukaiau). 

Crop: 

Yellow Caledonia, plant cane (planted April 15, 1920). Field fallow in 1919; 1500 
pounds lime per acre applied before planting. 

Layout: 

Number of plots = 40. 

Size of plot8 = l/l5 acre, consisting of (i lines, each 5.25 feet wide and 92.2 feet 
long. 

Flan: 


Fertilization — Pounds per Acre: 


1 

Plots 

Number 
of Plots 

May 2 

9, 1920 

^ Sup.Phos. 

July 1, 
1920 

N.8. i 

1 ! 

Nov. 1, 
1920 

Mar. 1, 
1921 


Total 


Mur. Pot. 

N. 8. 

N.8. 

N. 

KoO 

PiiOr. 

X 

1 1 

' 2,t 1 



300 

400 

300 

155 

... 

1 

A 

i ^ ' 

360 

. . . 

300 

400 

300 

155 

150 

. . . 

B 

8 1 


900 

300 

400 

300 

155 


150 

c 

1 « ; 

360 

900 

300 ! 

400 

300 

155 

150 

150 


Nitrate of 8oda = 15.5</r N. 
Muriate of Potash = 42% K^O. 
Superphosphate = 17% 


Experiment planned by d. A. Verret, W. P. Alexander and W. L. 8. Williams. 
Experiment laid out by W. L. 8. Williams. 


J. A. V. 
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Phosphoric Acid in Cane Juices. 

A Possible Indicator of Fertilizer Needs. 

By HicKiiERT Walkku. 

Summary. 

The direct deterniinatioii of ])lant-food ingredients in cane juices is wsug- 
gested as a logical and easily applicable means of getting an a])proximatc idea 
of tlic fertilizer requirements of cane soils. A large number of determina- 

tions in crusher juices indicated that this element was fairly constant for a given 
field and, in general, fi'r a given elevation, although marked differences existed 
between canes grown at different elevations, the lower fields producing juice con- 
taining the most IVCX. As a preliminary standard .020% BoH. (grams per 
100 cc. crusher juice) is suggested, luelds averaging above this figure prob- 
ably contain sufficient available PoO.-, fur maximum cane yields: a lower figure 
calls for field experiments. Where juices run less than .010%-, some phosphate 
should be ap])lied as a precaution, even in the absence of experimental i)roof that 
it is needed. Similar work with potash is jdanned. 

While it is generally recognized that carefully controlled field experiments 
afiford the only reliable means of knowing the fertilizer requirements of a cane 
s(dl, (|uicker methods of getting this information are much to be desired. Soil 
analyses alone, excej^t in the few cases of extreme deficiency of some element, 
are not of much value : the ])lant food may be there, 1)ut for some unknown rea- 
son, be it chemical, physical, or biological, may not be available to the plant. 
Soil chemists are still trying to devise methods of extraction which shall imitate 
plant-root action and yield a solution containing the available plant-food in soil. 

A so-called “physiological’' method of soil analysis has been suggested from 
time to time by various investigators, but does not seem to have been tried out 
to any great extent. According to this method the amount of plant food avail- 
able in a soil is indicated ( relatively) by ash analyses of crops grown in it. 
The difficulty in getting representative samples and reducing them to ash for 
analysis is probably one reason why this method, which otherwise a])pears very 
])racticablc, has not been more extensively worked out. This difficulty was par- 
tially overcome by Burgess,^ who compared the analyses of final molasses from 
a large number of plantations and pointed out the fact that “there exists a defi- 
nite relationship between the percentage of potash present in the soils of a given 
region and that found in the final molasses from that section.” He further sug- 
gested that “where a mill consi.stently produces a molasses which carries less 
than 2.5% to 2.75% of potash, or where the molasses ash runs less than 20% 
to 22%; potash, field experiments with potash fertilization, at different locations 
on the plantation, might be profitably made/' 

The relationship between low potash content of molasses and the need of 
potash fertilization has been partially confirmed. The majority of field tests 

1 Hawaiian Planters’ Record, Vol. XIX, p. 421. 


4 
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made throughout the Islands has shown little or no increased yield of sugar 
from the application of potash fertilizers. The few soils which have responded 
are from those districts whose final molasses runs much lower than the average 
in potash, 

A serious drawback to the use of molasses analyses for other than very 
general conclusions is the difficulty of determining from what particular field 
a sample of molasses has been derived. The average output of a plantation 
might show it to be, on the whole, well supplied with potash even though cer- 
tain fields were very deficient. Also, potash is the only element determinable 
by this method, since most of the nitrogen and phosphoric acid is eliminated in 
the process of manufacture. 

A procedure which would appear to have most of the advantages and few 
of the disadvantages of plant ash or molasses ash analyses is the direct deter- 
mination of plant food ingredients in the cane juice. Samples can readily be 
obtained from the crusher or first mill during the grinding season without in 
any way disturbing factory or laboratory routine. Nearly all factories make a 
practice of taking separate samples of juice from each field for brix and polar- 
ization, and portions of these can be ?et aside for plant food analyses. A 
crusher juice .sample from a few cars of cane covers considerable field area and 
should be fully as representative as a com])osite soil sample from the same loca- 
tion. Theoretically this method, once properly correlated with fertilizer experi- 
ments in the field, seems very logical. Instead of trying to imitate Nature by 
extracting soil in the laboratory with weak acids, supposed to approximate the 
action of plant roots, we let the cane prepare its own “soil solution” and .submit 
it to us ready made for analysis. That the relative amount of plant food actually 
taken up is in some degree a measure of its availability seems a reasonable as- 
sumption. 

Establishing a numerical relationship between percentages of mineral con- 
stituents in cane juice and the fertilizer requirements of a field has yet to be 
worked out. It may or may not be possible. We have made a start at least at 
this plantation by determining phosphoric acid in the crusher juice from each 
field ground during the last two months of the season. Some seventy analyses 
were made, covering twenty-eight different fields. The analytical work was done 
by George B. Click, chief chemist of this factory, using a method adopted by 
W. R. McAllep for phosphoric acid determinations in connection with clarifica- 
tion experiments. 

VOLTTMPJTRIC TW, DETERMINATION IN CANE JUICE. 

(See Sutton Volumetric Analysis.) 

SOLUTIONS. 

A — 10% NH4O H. 

B — Acetic Acid. 

C — 10% Sodium Acetate. 

Dissolve 100 grams sodium acetate in water, add 50 cc. glacial acetic acid and make 
lip to 1 liter. 

D — Standard Uranium solution. One cc. ==0.005 gm. P20r,. 

This may be either acetate or nitrate. Thirty-five grams per liter is the approximate 
amount^ using either salt. If nitrate is used add 50 cc, glacial acetic acid or a correspond- 
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iiig amount of weaker acid jier liter. Excessive exposure to light reduces this solution. 

Standardize against tri -basic calcium phosphate. 

Indicator. Powdered crystals of potassium ferroeyanide. 

Procedure. To 100 cc. of juice add 1 cc. NH 4 O H solution^ acidify with acid and 
add 10 cc. of the sodium acetate solution. Titrate with the standard uranium solution 
using powdered potassium ferroeyanide on a drop reaction plate as an indicator. The 
solution will usually settle sufficiently to pipette off a small portion of clear liquid for the 
end point determination. 

Nearly the whole of the uranium solution should be added in the cold and the titra- 
tion finished in the hot solution (90-100® €.). 

The method usually gives duplicate results on the same juice which vary not more 
than . 002 % P 2 O 5 . 

After the juices from a few fields had been analyzed it became evident, first, 
that different samples from the same field usually showed very little difference 
in phosphoric acid, and, second, that there was a very decided difference between 
juices from different parts of the plantation. At least three crusher juice sam- 
ples, taken on different days, were analyzed from each field, when possible. 

A few examples of analyses from Wahikuli section will illustrate the varia- 
tions in amount of phosphoric acid: 


Piold 

T 8 L 

i HSP 

E 5 P 

A}>proximate olovation. 

50 ft. 

i 200-300 ft. 

800-900 ft. 

Grams PoO,-, per 100 ce. crusher juice.. 

. . 002 

.023 

.015 

H i i i < ( ( ( i n 

.000 

1 . 02 .') 

.012 

( ( (t (< i ( ( ( i( 

.007 

j .023 

.013 

Average* 

.003 

i .024 

.013 


These fi^i*'ures are fairly typical of the ])lantation as a whole. The juices 
from fields nearest sea level are rather hi^h in ])hosphoric acid, those from the 
central portion, up to about 500 feet elevation, arc moderately well supplied, 
while the highest areas are lowest in phosphate. This tendency has been so uni- 
form that in the case of the fields thus far examined it would be possible, with 
the aid of a contour map, to predict fairly well the amount of phosphoric acid 
to be expected in tlic juice from any field. Exceptions to this rule may be found 
in some of the red soils at the north end of tlie plantation. Most of the cane 
from these fields had been harvested before phosphoric acid determinations were 
started, but the two samples we were able to get ran rather low in phosphoric 
acid, although from a moderate elevation. 

Intkrpretatton of Rf.si lts. 

With so little data available, any attemj^t to draw fixed conclusions in re- 
gard to phosphoric acid requirements of all the fields tested so far would be 
dangerous. G. R. Stewart of the ll. S. P. A. Experiment Station is analyzing 
a large number of soils from diflferent sections of the plantation which, by com- 
parison with juices from the same fields, may show relationship between phos- 
phoric acid in the soil and that taken up by the cane. 
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Variety of cane, as between Lahaina, H 109, Striped Mexican and D 1135, 
apparently does not influence the amount of phosphoric acid absorbed, nor have 
we found any noticeable difference in this respect between plant and ratoon cane. 

Our lower fields generally yield tnore cane per acre, but with lower purity 
juice, than the uplands. This is probably due to other causes than phosphoric 
acid. Most of the lower fields are irrigated with pump water of a rather high 
salt content, and have plenty of it, while the upper areas have a purer water 
supply, but are more dependent on weather conditions. The fields cited happen 
to be exceptions to the general rule that cur lower fields give higher yields of 
cane. 1-8, long ratoons, the lowest in elevation and highest in phosphoric acid, 
yielded only 39 Ions per acre of Striped Mexican cane; H-8, plant, yielded 43 tons 
I>er acre of H 109 cane; and E-5, plant, yielded 72 tons per acre of wStriped Mexi- 
can. The crusher juice from 1-8 averaged 21.51 brix and 84.32 purity; H-8 
was 19.82 brix and 86.73 purity, and E-5 was 20.39 brix and 90.44 purity, 
yielding 10.3 tons sugar per acre. Evideptly this cane could not have suffered 
much from its lack of phosphoric acid. Its subsequent ratoon yields will be of 
interest. 

The inference from results obtained in field E-5, that all soils capa1)le of 
yielding .OLl'/'r phosphoric acid to the juices of cane growing in them contain 
a sufficient supply of available phosphoric acid, may be premature; it certainly 
seems logical to reason that phosphoric acid is not the limiting factor in the 
case of 1-8, with nearly five times as much in its juice, and probably not in H-8. 
Field experiments harvested last year from B-6 at about 400 feet elevation in- 
dicated little or no gain from phosphoric fertilization. 

Neighboring fields at about the same elevation harvested this year had 
about .025% phosphoric acid in crusher juice. 

We have lately laid out several plant food field experiments at higher ele- 
vations, which, when harvested, should help correlate phosphate needs with 
phosphates in the juice. It is quite possible that even the poorest fields on this 
plantation may have enough phosphoric acid for their immediate needs. 

There is the further possibility that cane juices will always contain a cer- 
tain minimum amount of PoC)-, and that its lack in the soil will be followed by 
less cane yields rather than by a further diminution of P^Or, in the juice. A 
field test made by the Experiment Station at Oahu Sugar Company yielded a 
large increase ip sugar by the application of 90 pounds PoO^., per acre to a soil 
containing 0.16% total HCl soluble PoO- of which 0.0024% was soluble in 
1% citric acid. Juices from the plots receiving no phosphoric acid contained 
.008% PoO,, ; those from plots receiving 90 pounds phosphoric acid per acre 
had .010% PA- 

While we may never be able to conclude definitely from a juice analysis 
alone that a field needs phosphate fertilizer, a relatively high figure for P2O5 
in the juice very probably will indicate that such fertilization is not needed, and 
thus by elimination help to locate field experiments where they are most nec- 
essary. 
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As a basis for future work along this line I would submit the following*. 

Soils yielding cane with a phosphoric acid content of more than ,020% 
in its juice probably contain enough available phosphoric acid and are not in 
immediate need of phosphate fertilizers. 

Where the juice contains less than .0207^ PoOr,, phosphates may be ad- 
vantageous. h'ield experiments should be made to determine this point. 

Where the juice contains less than .010% lVC^r.> the soil will probably re- 
spond to phosphate fertilizers and their moderate use should be continued even 
though no immediate gains are shown by field trials. 

An interesting correlation between field and factory work is worthy of note 
in this connection. Messrs. McAllep and Uomonti/ in their studies on clarifica- 
tion of cane juices, found that tlie completeness with which a cane juice may 
be clarified depends very largely on the amount of phosphoric acid it contains, 
and placed the approximate limit, below which clear settled juices are not apt 
to be obtainable, at .030% According to this, the first aid to determine 

which fields need phosphates would be a consultation with the sugar boiler, 
d'hose fields which consistently yield well settled, brilliant, clarified juice may 
be dismissed at once as not in need of phosphoric acid, and more consideration 
may be given to fields whose juices clarify less readily. 

Jn this paper special attention has been paid to ])h()sphoric acid. The same 
line of reasoning would api)ly to the determination of potash and nitrogen in 
cane juices, although experience has shown that nearly all Hawaiian soils re- 
spond to nitrogen, while com])aralively few are in need of pota.sh. Mr. Glick 
is planning to work out a simplified method for potash in juices in order to find 
out what differences in this element, if any, our fields may show. 

Pioneer Mill Co., Lahaina, Maui, 


1 Hnvvaiinii Plaiitfis’ Kocord, Vol. A"XVM, p. 122. 
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Badila and Yellow Tip at Kilauea. 

Kilauea Experiment 32, — 1922 Crop. 

In this experiment Badila and Yellow Tip varieties are compared in one 
of Kilauea’s most mauka fields. The soil is poor and the climate is perhaps as 
had for cane growing as at any place on the plantation. 

Variety Test 

Kilauea Sugar nantotion Co. Exp.SE, 1.922 Crop 
Field 37. 



P\ois 

No, of 
Plots 

VieldS Per Acre 1 

Cone a.R. 

8uoor 

Badllo 

4 

23.71 9.54 

2.48 

Yellow Tip 

5 

3&.T6 9.98 

3.88 



The cane was planted in October, 1920. All plots received uniform appli- 
cations of fertilizer at the rate of about 150 pounds of nitrogen per acre, 500 
l>ounds of molasses ashes and 1000 pounds of raw rock phosphate per acre. 

In the earlier stages of the experiment the Badila cane looked better than 
the Yellow Tip, but after about eight months tbe Tip cane seemed to get a some- 
what better color and to hold it throughout the remainder of the growing period. 
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At the lime the cane was harvested the Tip cane had a much heavier stand 
on the ground. It had stooled out more. It was apparently still growing while 
the Badila was fully matured. The Badila cane was badly rat eaten. A very 
high per cent, of the stalks was bitten oflf about half way up and the entire top 
half rotted or eaten on the ground. The Tip cane was far less rat eaten. If 
the rats could have been eliminated the Badila cane would have undoubtedly 
shown 50 per cent, higher returns. 

The yields of cane and sugar are given in the following table: 


Plots 

Cane 

Quality 

Ratio 

Sugar 


Badila j 

23.71 

9.54 

2.48 


Yellow Tip I 

35.76 

9.98 

3.58 



The Yellow Tip cane averaged 12.05 tons more cane and 1.10 tons more 
sugar per acre than the Badila. The exi)erinienf will be continue:! on the ratoon 
crop. 

Details of Experiment. 

Object; 

To eoiTipare HiidiJa mid Yellow Tip varieties of emie on mmiJka, iinirri;?ated land at 
Kilaiiea. 

Location : 

Field 37. 

Crop: 

Badila and Yellow Tip jdant cane. 

Layout: 

Ninnber of jdots = 9. 

Size of plots=l/10tli acre (80.6' x 54'). 

riots consist of 12 straij^lit lines each 80.6' by 4%'. 

J. TI. M. 
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Notes on the Results Achieved to Date in the Introduction 
to the Fiji Islands of Certain Parasitic and 
' Predaceous Insects. 


By Roiikrt Veitch. 

Since 1911 a number of parasitic and predaceous insects have been introduced 
to the Fiji Islands for the purpose of controlling; the more important pests, and 
the time now seems opportune for recording the results achieved in these vari- 
ous introductions. 

In 1911 the late Mr. Terry sent two boxes of lantana berries from Hono- 
lulu to Mr. Jepson, then Government Entomologist in b'iji; a few lantana seed 
flies (Agromyza sp. ) emerged from the material received and these were lib- 
erated in Suva. Writing in 1916, Mr. Jepson states: “It is satisfactory to record 
that this fly is now thoroughly established in Fiji, and it is not possible to find 
lantana within several miles of Suva which does not display evidence of attack 
by this insect.” In the same report he says: “Dissection of the berries also 
shows that 95% of the berries are attacked by the larvae of this useful fly”; 
he also adds, “There is unfortunately in Fiji a .small parasite (Clialcididac) of 
the lantana seed fly, but it is not sufficiently numerous to affect the propagation 
of the fly to any serious extent." 

A second introduction of Jepson’s was Phicsins javanus Er., a Histerid 
predator of the banana borer (Cosmopolites sordida Chevr.) ; in his search for 
enemies of the sugar-cane borer Mr. Muir di.scovered this predator in Java, and 
in 1913 Mr. Jepson successfully transported and liberated 3, .500 beetles on seven 
different banana plantations in Fiji. The beetles were found to be breeding 
(juite freely four months after liberation, but they were then lost sight of and 
a further .supply of beetles was imported by post from Java in 1918. The first 
evidence of their permanent establishment was obtained in 1921, when Mr. 
McNamara, of the In.spection .Staff of the Department of Agriculture, obtained 
a .specimen of the beetle on Nabalau Estate; its effect on the banana borer posi- 
tion has not yet been definitely ascertained. 

The attempt to establish Ccromasia sphenophori Vill. (the New Guinea para- 
site of the sugar-cane borer, Rhabdocncmis obscura lloisd.), commenced in 1910 
with the colony left by Messrs. Muir and Kershaw at Nausori Mill, where they 
established an intermediate breeding station when transporting the parasite from 
New Guinea to Hawaii ; great efforts were made to establish the parasite through- 
out Fiji, and no fewer than twelve of the officers of the Colonial Sugar Refining 
Company were engaged on the work of breeding the parasite at various centers. 
In the main sugar growing districts at Lautoka and Rarawai the parasite has 
failed completely so far and a similar fate attended the efforts to establish it at 
Labasa ; it was believed that, the colonies liberated at Nausori had also died 
out. but in 1920 Mr. Pemberton, who was then- at Nausori Mill, discovered that 
the parasite was actually established. After a thorough examination of the 
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position towards the end of 1920 the writer was convinced that the parasite had 
been responsible for a very marked improvement in the borer position at Nau- 
sori and a further investigation of the position in 1921 served to strengthen 
that belief ; it is to be hoped that the present satisfactory position at that mill 
is maintained. In 1909 the percentages of Malabar (Yellow Caledonia) and 
Badila harvested were almost exactly the same as in 1920 and it may be said 
that the relative proportions of the two varieties were the same in these two 
years, it is therefore impossible to attribute to a change of variety the fact 
that in 190^1 the borer damaged stalks amounted to 15% of the total received at 
the mill, while in 1920 the figure had fallen to 5%. The parasite alone must 
be given the credit for this great improvement and the writer has no hesitation 
in claiming that its establishment at Nausori has led to the saving of thousands 
of pouiifls annually at that mill. A further determined effort is being made to 
establish the parasite at Liibasa, where borer damage is very serious ; at present 
nothing is being done at Lautoka and Rarawai, where damage is not nearly so 
extensive. It will be no easy task to establish the parasite at Labasa, but the 
success at Nausori amply justifies the new attempt. In addition to the original 
colony brought by Messrs. Muir and Kershaw from New Guinea, colonies have 
been brought from Hawaii by Mr. North, Dr. Illingworth and the writer; two 
colonies were also sent to the Vancouver-Fiji Sugar Com])any. 

Tile writer brought over a large colony of ScoUa manilae Ashm. from Ha- 
waii in 1917 and liberated some six hundred specimens in the sugar-cane fields 
of the Sigatoka district where it was hoited it would attack the white grubs of 
Adorctns versutus Har. and Rhopaca restita .^rrow. ; unfortunately a very heavy 
flood submerged the whole of the area on which the parasite had been liberated 
three weeks earlier. l''ref|uent careful examinations have failed to reveal any 
trace of the Scoliid, Init it may eventually be recovered ; in ca|)tivity it was suc- 
cessfully reared from grubs of the I'ijian species. 

In 1920 Mr. Simmonds, .Ncting Government Fnloniologist in Fiji, vi.sited 
'Pahiti for the purpose of introducing two parasites to assist in the control c)f 
the transjiarent cocoauut scale (Aspidiotus destructor Sign.). Reporting on a 
visit of inspection to the island of Moturiki, where a colony of the imported 
Tahitian parasites had previously been liberated, he states in June, 1921; “On 
examination of the affected area tlie large yellow Chalciil, Aphclinus chrysom- 
phali, was found to be well established and doing goo<l work, but the smaller 
species, Aspidiotiphay,us citrinus, was not observed excejjt in the juipa state on 
some of the trees just recently placed there.” Continuing his journey to Bureta 
on the island of Ovalau, he found that A. citrinus was “numerous and well estab- 
lished.” and he states, “It is .satisfactory to find that both parasites are now well 
established.” 

The above paragraphs will serve in some measure to indicate the amount 
of progress achieved in this important branch of economic entomology and they 
demonstrate how deeply indebted Fiji is to Hawaiian entomologi.sts and their, 
supporters. 

Lautoka, Fiji. 
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A Paper Laying Machine. 


The results already obtained indicate that the use of paper as a mulch over 
the soil above the roots of pineapple plants is destined to become a common 
practice in the pineapple agriculture of the future. 

The adaptation of the paper mulch to pineai)])le culture has been a very 
simple matter, requiring only slight deviation from planting methods already 



DOTY-WENDT PAPER LAYING MACHINE, 
in vogiie. A suitable bed of earth is first prepared to receive a row of pine- 
apples ; the paper is then applied to this bed in long strips, its edges being held 
down by a covering of soil ; and the pineapple plants are inserted through holes 
made in the paper at proper intervals. 

Up to the present time, the preparation of the bed and the laying of 
the paper has been done by hand and, consequently, at considerable expense. 
The machine illustrated herewith prepares the bed, lays the paper and covers 
its edges in one operation and at very moderate expense. It may be drawn by 
mules or by a light tractor. 

There are three essential parts to this machine, each part performing a 
definite function: 
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(1) A plank drag-sled which pulverizes the soil and forms it into a bed 
of the desired shape to receive the paper; 

(2) A flanged roller or spool which is attached to the rear of the sled and 
shapes the paper over the bed, turning its edges down into the furrows made 
by the sled runners; and 

(3) Shovels or disks which are placed just back of the flanged ends of the 
roller and which serve to throw the soil against and over the edges of the paper. 

The sled may be modified to draw the soil into a bed of any shape desired. 
The spool should be shaped to conform to the crown of the bed, its barrel being 
cylindrical if the top of the bed is to be flat and concave if the top of the bed 
is to be curved. 

H. L. L. 

The Analysis of Ash in Cane Sugar and Molasses. 


By IL A. Cook. 

It has lon^* been known that the factor .9 for converting sulfatecl to 
carbonated ash, originally adopted for work with beet products and now in use 
by cane sugar chemists, is greatly in error, d'here has been considerable agi- 
tation within recent years among sugar chemists to do away with the present 
factor and adopt one that would give more nearly the correct resuhs. 

Most of the work that has been done in the comparison between the two 
methods has been in connection with sugar beet ])roducts. In that connection 
a number of able chemists have protested against the present factor. Among 
them reference can be made to \’iolette,^ who, operating upon a large number 
of beet sugars of different grades, showed that a deduction of one-fifth is more 
api^licable to all ])roducts, excepting high grade sugars, for which a value of 
three-tenths should be used. Among others in the beet work can be cited the 
following, who all arrived at about the same conclusion: Dubrunfraut,^ Girard/^ 
Grobert,^ Boyer,*"’ I'aszos.ski,’’’ Courtonne,'^ and Mintz.^ A. Schweizer,‘‘ referring 
to work on four molasses, says, “From these figures it is also seen that an as- 
snm])tion of a difference of ten percent between carbonated and sulphated ash 
is wholly inaccurate, since in the case of the above four molasses the differences 
are 18, 12, 22 and 22 respectively.*’ Jar. Mekolasek'^’ has found that deter- 
minations of the ash of beet molasses obtained during the i)ast four campaigns 
in Bohemia by the two methods show that instead of ten |)ercent, the average 
deduction works out at 21.44 percent. 

In regard to the sugar cane and its products the number of references are 
comparatively few. J. P. Ogelvie and J. H. Linderfield,^^ working with beet 
sugars and molasses and also cane sugars and molasses, found that with cane 
sugars the values were very irregular, varying from 6 to 25 percent, with an- 
average of 14 percent, while with cane molasses the values were reasonably con- 
stant, namely, 14 to 21 percent, with an average of 18 percent. Hamakers^^ 
has calculated from the average composition of cane sugar ash that the deduc- 
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iton should be about one-fourth. Weichman^^ has stated that ‘‘the subtraction 
of one-tenth is generally assumed to answer for beet sugars, but is entirely mis- 
leading when cane products are being analyzed, because the ash of the latter 
possesses a comix)sition entirely different from that of the former.'’ Noel 
Deerr^^ says, “The continued use of the ten percent reduction is an instance 
of the persistence of a once accepted error in .spite of numerous protests." 

Considerable work has been clone at this Station on the ash of cane sugar. 
J. M. Reynolds obtained the comparison of the two methods on one hundred 
samples of cane sugar. At the same lime A. Broclie obtained the comparisons 
on one hundred and fifty samples of cane sugar. These samples represent over 
95 percent of the factories in the Islands. 

The great majority of these sugars polarized between 96.0 and 97.0. Some 
varied from 94.5 to 96.0, while some were between 97.0 and 98.0. The ash, 
in terms of sulfated ash less ten percent, varied from 0.21 to 2.64 percent. 

The following table gives the averages of the results obtained by Mr. 
Brodie and Mr. Reynolds: 



Niimher 

Sulfated 

Normal 

Average 

Factor 



Samples 

Ash 

Ash 

Difference 



Brodie 

150 

.735 

.579 

21.22 

.788 : 

Reynolds 

100 

.700 

.550 

1 

i 21.43 

1 1 

1 .786 

Average .. . 


.7215 

.5687 

21.30 i 

.788 1 


The above figures indicate a factor for converting sulfated to carbonated 
ash of .79. Thirty-one samples had a factor of .79. 

From a study of the figures obtained by Mr. Brodie and Mr. Reynolds the 
following chart can be constructed: 


Number of 
Samples With 
Factor Be- 
low .700 

Number of 
Saniples With 
Factor Be- 
tween .700 
and .750 

Number of 
Samples With 
Factor Be- 
tween .750 
and .800 

Number of 
Samples With 
Factor Be- 
tween .800 
and .850 

Number of 
Samples With 
Factor Be- 
tween .850 
and .900 

Number of 
Samples With 
Factor Over 
.900 

1 

1 4 

46 

98 

82 

17 

3 


The results are similar to those of J. P. Ogelvie and J. H. Linderfield in 
that they .show a wide variation in the values for cane sugar. 
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To determine whether or not there was volatization in burning a carbonated 
ash a large number of carbonated samples were treated with sulfuric acid and 
reignited. In all cases the agreement was very close to the result of the sul- 
fated ash and the difference in any case was not large enough to affect the re- 
sults, showing that the loss by volatization was negligible. 

The following gives in tabulated form the results of rcsulfating the car- 
bonated ash of six sugars and six molasses: 


Sugars 


Molasses 


Sample 

No. 

Siilfiitod 

Ash 

Normal 

Ash 

Faetor 

1 Normal | 
Ash After 
Sulfating 

Sulfated 

Ash 

1 

Normal 

Ash 

Faetor 

Normal 
Asli After 
Sulfating 

1 

0.36 

0.27 

.75 

! 0 . 3 .') 

n .38 

8.37 

.74 

11.32 

2 

; 0.62 

' 0.50 

.81 

0.65 

; 9.79 

6.83 , 

.70 

! 9.76 

3 

' 0.51 

0.43 

.84 

0.50 

’ 14.00 

10.56 

.75 

13.90 

4 

0.90 

1 0.72 

.80 

1 0.90 

1 13.64 

9.93 

.73 

13.39 

5 

0.73 

1 0 . 55 

' .75 

0.73 

16.16 

12.68 

.78 

1 16.11 

6 

, 0.77 

1 

0.62 

.81 

0.72 

. 13.38 

10.83 

.81 

1 13.39 

1 

Avorage ..! 0.648 

0.515 

; . 793 

0 .(>." 

1 13.07 

1 0.86 

.752 

12.08 


In a recommendalioti lo the Committee on Kevisii n of [Methods of the 
Ifawaiian Chemists* Association, Mr. l.ynch gave the results of determinations 
on nine molasses, comparing the sulfated ash and the carbonated ash. He ob- 
tained a factor for conversion of .737. Mr. Lynch also sulfated the normal 
ash, and in all cases obtained results very close to the sulfated ash. 

In view of the fact that so few references were available for cane molasses 
I have made analysis on over twenty-five different Hawaiian waste molasses. 
These samples represented molasses from twenty different factories on all the 
Islands. They were of varying composition. The gravity jnirity ranged from 
27.7 to 42.8. The ash as sulfated less 10 i)ercent varied from 8.42 lo 16.19 
percent. The determinations were made both for carbonated and sulfated ash. 

The method used for sulfated ash was the (official method of the II. C. A. 
The method for the determination of carbonated ash is as follows: 

Weigh accurately about three grams of molasses in a weighed platinum 
dish. Heat carefully over a low flame till all the moisture is evaporated and 
the gases expelled. Place in a well ventilated muffle at barely perceptible red 
heat till burned to a white or light grey ash. Care must be taken that the heat 
is not too high. 
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The results are as follows: 


Factory 

Sulfated 

Ash 

% 

Sulfated 
Ash Less 
10% 

% 

Normal 

Ash 

% 

Percent Dif- 
ference Be- 
tween Sul- 
fated and 
Normal Ash 

Factor Re- 
quired to 
Convert 
Sulfated to 
Normal Ash 

Hakalau 

11.32 

10.19 

8.39 

25.9 

.741 

Honomu 

13.36 

12.02 

9.86 

26.2 

.738 

Hilo 

10.89 

9.80 

8.40 

22.9 

.771 

Onomea 

11.46 

10.31 

8.27 

27.8 

.722 

Popeekeo 

12.41 

11.17 

9.56 

23.0 

, .770 

Kahuku Strike l.'i-e . . . 

11.16 

10.04 

8.00 

28.3 

.717 

‘‘ '' 15-1... 

12.39 

11. w 

8.98 

27.8 

.722 

15-0... 

10.61 

9.. 55 

7.96 

25.0 

.750 

Kali Ilk 11 (Regular) . . . . 

9.77 

8.79 

7 22 

26.1 

.739 

Pioneer 

17.99 

16.19 

13.74 

23.6 

.764 

Pepeokco 

13.81 

11.98 

9.88 

25.8 

.742 

Olowalu 

11.56 

10.40 

8.53 

26.2 

.732 

Hawi 

13.08 

11.77 

8.95 

31.6 

.684 

Hawi 

13.11 

11.80 

8.98 

31.5 

.685 

Laupahochoo 

11.16 

10.04 

8.19 

26.6 

.734 

McBryde 

13.20 

11.88 

10.16 

23.0 

.770 

Hawaiian Sugar 

14.18 

12.76 

10.54 

25.7 

.743 

Union Mill 

11.65 

10.59 

7.90 

32,2 

.678 

Kilaiiea 

13.54 

12.19 

9.67 

28.6 

.714 

Waimanalo 

11.64 

10.48 

8.95 

23.1 

.769 

Koloa 

12.44 

11.20 

9.05 

27.3 

.727 

Kaeleku 

13.74 

12.37 

9.66 

29.7 

.703 

Niulii 

11.14 

10.03 

8.05 

27.7 

.723 

Lihue 

14.69 

13.22 

10.74 

26.9 

.731 

Oahu 

9,36 

8.42 

7.35 

21.5 

. 785 


Average difference 26.6 

Average factor 734 


The factor here shown for molasses is a quite constant value. Tt would, 
however, he impossible to adopt a factor that would be exactly accurate for 
all molasses. It is also evident that the factor now in use, i.e. .9, is far in 
error. No factor that would be adopted could apply to all molasses on account 
of the diflFerence in the mineral constituents of the ash. Any result reported 
as ash would be higher than the true mineral content of the molasses. By ash 
is meai(|>;iiot. tmly the mineral matter but also the carbon dioxide and carbon- 
ates derived l^rom organic material. 
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While making the foregoing* anaylses the question was raised : How close 
can one check the results of a carbonate ash determination? To answer this 
question, two sets of comparative analyses were made on twelve different mo- 
lasses, using the sulfate and carbonate methods. To obtain the comparison 
under average working conditions the analyses were not made in duplicate, but 
in different sets on different days. 


The results are as follows; 


Sulfatod Ash Less 10% 


Carbonate Ash 


Factory 

First 

Result 1 

1 

: ' ' " 1 

Repeating 

1 Difference 

First 
j Result 

Repeating | 

Difference 

1 

Po pock CO ! 

n.89 1 

j 11.98 

0.09 

9.88 

9.76 

0.12 

IMoiiccr 

16.07 i 

16.19 

0.12 

13.74 

13.70 , 

0.04 

TIawi 

11.77 

11.85 

0.08 

8.95 

8.95 I 

0.00 

TIawi 

11.80 : 

11.81 

0.01 

8.98 

9.03 

0.05 

Olowalu 

10.29 

10.40 

0.11 

! 8.53 

1 

8.48 ' 

0.05 

Lau])a}ioclioc 

10.04 

10.03 

0.01 1 

1 

8.27 

8.19 1 

0.08 

McHrvde 

11.88 

11.88 

0.00 ' 

10.18 

30.16 1 

0.02 

Kilauca 

12.33 

12.19 

0.14 

9.67 

9.83 

0.16 

Hawaiian Sugar 

12.69 

12.76 

j 0.07 i 

10.40 

o 

r— 1 

0.14 

TTnion Mill 

10.r)9 

10.51 

0.08 

7.82 

; 7.95 j 

0.13 

Hilo 

1 

9. SI) 

9.90 

0.01 ! 

8.40 

8.42 , 

0.02 

Hakalau 

10.21 

10.17 

0.04 

8 . 39 

8.45 

0.06 

Pioneer 

11.95 

j 

11.96 

' 0.01 

— 

i 

— 

Average* difference . 

! 

1 

1 O.O.W 

— 

1 i 

0.072 


The results show that the carbonate method is just as accurate as the sul- 
fate method. 

Considerable objection has l)een raised to adoj)ting the method of simide 
incineration l^ecause it has 1)een claimed that a clean, well-burned ash is difficult 
to obtain, and could not be ol)tained without considerable loss by volatization. 
1 have found it little harder to obtain a good, clean ash. It does take a little 
longer time than by sulfating in the case of molasses. Mr. llrodie found that 
with sugars there was very little difference in the time required. Tt requires 
a little more attention to details of heating for the carbonated ash. T think that 
the objections on account of the loss by volatization are answered by the work 
reported in this paper. 

From work done on the two methods of ash determinations the following 
conclusions and recommendations can be made: 

That the factor for conversion in present use, i.e. .9, is far in error. 
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That for sugars there is quite a wide variation in the factor found for 
different samples. 

That the factor for molasses is a comparatively constant value. 

That the* loss by volatization in the method by simple incineration is al- 
most negligible. 

That the results obtained by burning a carbonated ash check between them- 
selves as well as do those by sulfating. 

That for ash determinations in all sugar work the method for carbonated 
ash be adopted. 

That where apparatus is not available and it is not feasible to run a car- 
bonated ash, a factor be adopted that is more consistent with true values. Any 
factor would necessarily have to be the average figure taken from a large num- 
ber of determinations. While a factor thus obtained would not be correct in 
all cases it would be very much closer to the true figure than the one at present 
in use. 

That a factor of .75 could be adopted for molasses. 

I would not suggest adopting any definite factor to apply to all sugars, 
due to the wide variations. Where a factor is desirable it should be determined 
from the analyses of several samples from each mill. The determinations could 
be made at the Experiment Station, where facilities are available for both methods. 
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Liming Acid Lands. 


Grovk Farm Experiment 8 , 1922 Cjrop. 

This experiment, a coiiUiniation of the test conducted on the plant cane 
and reported irf Record, \ol XX 111, paj;e 84, deals with the value of sand on 
Yelhw Caledonia cane on mauka land. The cane is first ratoons and the soil 
is virgin land with an acid reaction. 

Coral sand was applied in three cjuantities, 3 >4, 6/2 and tons per acre, 
to the plant crop. No additional sand was applied to the ratoon crop, the lest 
on this cane being to determine the residual effect. 

On the plant cane there was no appreciable difference in sand and no sand 
plots The average sand plots gave 40.7 tons of cane and 4.84 tons of sugar 
per acre, wliile the no sand plots gave 41.9 tons of cane and 4.98 tons of sugar 
})er acre. 

The yields of both cane and sugar were practically the same for the average 
of all the sand plots and fen* the no sand plots in this ratoon crop, as the fol- 
lowing table shows : 


I’lots Treatment rane Q. R. i Sugar 


i 


A ... 

31/4 

tons 

.sand- 

per 

acre . . 

37.26 

8.19 

4 . 55 

B ... 

KiVa 

i ( 

i ( 

( t 

i i 

33.81 

8.61 

3.93 

C ... 



t ( 

( ( 

i ( 

(< 

33.33 

9.49 

4.01 

X ... 

No 

sand 


, . . . 


35.50 

8.49 

4.18 


I Average sand plots 34.80 .... 4.16 


(Observations on the effect of sand on similar soil at Kilauea would lead 
one to believe that considerable heavier doses of sand might show some increase 
in yields, although the increase might not be a profitable one. In some Kilauea 
tests, where 10 tons of sand showed very little difference in the cane, the s])Ots 
Adhere the sand was originally dumped and which received several times as large 
an application, produced far better cane than the surrounding land. 


Object: 


Details of 'Experiment. 



To determine the residual value of coral sand on manka virgin land. 
Location: 

Field 22. 


Crop: 

Yellow Caledonia cane, firsft Vatuoii. 


5 
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Exp. 8. Sand vs No Sand 
Exp. 9. Value Of Reverted Phosphate 
And Amount To Apply 
Exp. to. Value And Amount Of Nitrogen 



Gov'+ Road 
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Summary of Results CExpS.) 


PWsffiS 

Treotmcnt 

Yields Per Ac 

:re 

Cane 

S.R. 

Suaor 

A 

9 

3 i Tons Sand Per Acre 

ii.ze 

8.19 

4.55 

B 

9 

6*4 w n if tt 

33.81 

8.61 

3.93 

C 

10 

9 * 4 - ^ M it » 

33.33 

8.49 

4.01 

X 

10 

No Sand 

35.50 

8.49 

4.18 


Summary of Results (Exp. 9.) . 


3! 

!■ 


Treatment 

Yields Per Acre 

Cone 


suAor 

X 

9 

No Phosphate 

43.39 

8.33 

S.EI 

D 

8 

500* Reverted Phosphate 

44.00 

8.09 

5.43 

E 

10 

1000* • T 

43.66 

7.76 

5.6E 


Summary of Results (Exp. 10.) 


Plots 

No. of 

Treatment 

Yields 

Per A 

ere 

Plots 

done 1 

a.R. 

ouoar 

G 

\Z 

No tiitroaen 

38.80 

8.19 

4 .T 3 

H 

12 

100^ Nitroqen Per Acre 

41.40 

8.6 1 

4.81 

1 

12 

~zoo^ r : : 

39.34 1 

8.92 1 

4.41 


Layout: 

Number of plots = 38. 

Size of plot8=l/10 acre (60 x 72.5'). 

I’lots are composed of 13 straight lines, 4. 7' x 72.5'. 

Plots are separated by 3' roadways running at right angles to rows. 

Plan: 



Plots 

Number 
of Plots 

1 

1 

Treatment 

1 

i Sand per A. 

Nitrogen 

Phosphate | 

Mol. Ash 


X ' 

9 


160 lbs. 

; 500 B.P, 1 

500 


A 

9 

0,500 

150 ‘‘ 

1 500 " ! 

500 , 


B ' 

' 10 

13,000 

150 ‘‘ 

! 500 “ 1 

600 


c ' 

' 10 

1 19,500 

150 '' 

O 

o 

600 


Sand applied to plant cane, but none to ratoon crop. 
Experiment originally planned and laid out by R. S. Thurston. 
Experiment conducted and harvested by J. H. MidkiflF. 

Juice samples by A. H. Case. 


J. H. M. 
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Mauka Soils Respond to Phosphates. 


Grove Farm Experiment 9, — 1922 Crop. 

This experiment deals with the value of reverted phosphate on mauka virgin 
land when applied to ratoon cane of the Yellow Caledonia variety. The plant 
crop v/as harvested in June, 1920, and the results reported in Record, Vol. XXIII, 
page 212. 

Reverted phosphate was applied to both the plant and this first ratoon 
cane at the rate of 500 pounds and 1000 pounds per acre. The check plots re- 
ceived no phosjjhate on either the plant or the ratoon cane. 

The following table shows the results for both the plant and the ratoon 
crop : ■ 


Plots 

Treatment 

Plant Crop 

Ratoon Crop 

j Average Gain 

Cane 

Q.R. 

Sugar 

Cane 

Q. R. 

Sugar 

1 Cane 

Sugar 

X 

No Phosphate, 

1 

42,1 

8.39 


43.39 

8.33 

5.21 

.... 


D ..... 

500 R. P. p. a. 

46.5 

8.42 

5.52 

44.00 

8.09 

5.43 1 

2.51 

0.36 

E 

1000 R. P. p. a. 

49.6 

8.39 

5.91 

43.66 

7.76 

5.62 

3.89 

0.65 


Value Of Reverted Phosphate 
And 

Amount To Apply 


CrevE Form Plantation Exp. 9, 19E& Crop 
Field EE. 



No Phok SOO* 1000* 

BcvtPho^ Rev.Phos. 


H||||sC0tc mB " Su^ar 

While the yields of cane and sugar wereiiractically as good from the ratoon 
as from the plant crop, the gain from the reverted' phosphate was not quite as 
great in the ratoon crop, as a study of the above table will show. The gains 
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from the phosphate in both the plant and the ratoon crop were, however, prof- 
itable. 

Details of Experiment. 

Object: 

1. To determine the value of reverted phosphate on ratoon eane on inauka land. 

2. To determine most jirofitable amount to apply. 

Locatipn: 

Field 22. 


Crop: 

Yellow Caledonia first ratoon cane on mauka, virgin soil, uiiirrigated. 

Layout: 

Number of plots = 27. 

Size of plots = l/10th acre (60' x 72.5'). 

Plots are composed of 33 straight lines, each 4.7' x 72.5'. 

Plots are separated by 3' runways at right angles to the rows. 

Plan: 


Plots 

Number 
of Plots 

Reverted 

Phosphate 

Treatment 

1 Nitrogen 

i 

1 

1 

Molasses 
Ash i 

X 

9 


150 

500 

' D 

8 

500 

150 

500 

i K 

10 

1000 

150 

500 


Phosphate and molasses ash applied first season in one dose. Nitrogen apidied in 
two doses, one first season and one second season. 

Experiment originally planned and laid out by R. S. Thurston. 

Exjieriraent conducted and harvested by J. H. Midkiff. 

Juice analyses by A. II. Case. 

J. H. M. 
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Nitrogen at Grove Farm. 


Grove Farm Experiment 10, — 1922 Crop. 

This is an experiment to determine the value and the amount of nitrogen 
to use on ratoon cane on mauka land. It is a continuation of the experiment 
harvested in 1920 and reported in Record, Vol. XXIII, page 216. 

The cane is Yellow Caledonia, first ratoon. The land is a mauka virgin 
soil and is unirrigated. 

The following table shows the harvesting results from the plant crop in 
1920 and the first ratoon crop in 1922 ; 


Nitro- 

Plant Cane Harvested 1920 

1922 Eatoon Crop 

Average Gain 
From Nitrogen 

gen 

Cane | 

i QR. 

Sugar 

Cane 

Q. E. 

Sugar 

Cane 

Sugar 

... 

38.8 

8.93 

4.34 

38.80 

8.19 

4.73 



100 

42.9 

9.07 I 

4.72 

41.40 

8.61 

4.81 

-1-3.35 

+ 0.23 

200 

41.9 1 

, 9.18 

1 4.57 

39.34 

8.92 

4.41 

+ 1.821 

1 —0.04 


The results of both experiments indicate very clearly that, while some nitro- 
gen is needed for maximum crops, heavy applications are decidedly unprofit- 
able, due to the lowering of the purity of the juices. It is probable that an ap- 
plication of even less than 100 pounds of nitrogen on this land would be most 
profitable. 

Experiments upon and experience with this type of mauka soil, where the 
land is fallo\yed three years out of every nine, would lead one to believe that 
the plant cane should have heavy applications of phosphate with very little nitro- 
gen. Lighter applications of phosphate and somewhat more nitrogen to the 
ratoon cane than to the plant cane seem to give the best results. 

Details of Experiment. 

Object: ' 

To detprmine the value of nitrogen and the iimount to apply on mauka, arid, virgin 
land 
liocaitloa: 

Field 22. 

Crop: 

Yellow Caledonia cane, flrat ratoons. 

' # 

layout: 

Number of plots = 36 

Size of plots = l/10th acre (60' x 72.5'). 

Plots consist of 13 straight lines, each 4.7' x 72.5'. 

Plots separated by 3' roadways running perpendicular to the furrows. 
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Plan: 


Plots 

Number 
of Plots 

Nitrogen 

Phosphate 

Molasses 

Ash 

G 

12 

None 

500 B.P. 

- ^ 500 

H 

12 

100 

500 “ 

500 

1 

12 

200 

500 “ 

500 



Phosphate and molasses ashes applied in one dose first season. Nitrogen applied as 
nitrate of soda in two equal doses, one first season and one second season. 

Experiment originally planned and laid out by R. S. Thurston. 

Experiment conducted and harvested by J. H. Midkiff. 

Juice analyse^ by A. H. Case. 

J. H. M. 


Notes on Foreign Cane Diseases. 


Information on two foreign cane diseases was recently received from H. 
Atherton Lee, Director of Sugar Cane Investigations, Bureau of Science, Manila. 
In speaking of Uba cane, which shows a strong resistance to Yellow Stripe dis- 
ease, and which is now being rapidly extended in Porto Rico and other points 
in the West Indies, he says: 

It grows vigorously during the jdant crop, but is extremely susceptible to smut 
during the ratoon crop, which causes a total loss of the crop. For this reason, we do 
not believe that Uba cane is apt to succeed in those countries where smut exists. 

lie states that one plantation in the Philippines has given up Uba cane after 
growing it for three years, on account of the infestation of smut. 

Concerning another malady of sugar cane which it is extremely important 
to keep out of Hawaii, he writes: 

We arc having a good deal of experience with Fiji disease, but largely from dis- 
cussion with Dr, Lyon and suggestions from Mr. Pemberton in a letter which you gave 
me, believe that we have it fairly well under control. At the Calamba Sugar Estate, 
where we organized carefully for seed selection, the disease is now negligible. We are 
also extending the acreage of Badila cane for seed points as far as possible, since Badila 
is to some extent resistant. Although we feel now that Fiji disease can be controlled, it 
costa money to control it, and the point for countries that do not have it is to avoid the* 
handicap of an additional outlay for disease control. 

The accompanying photographs illustrating the smut of sugar cane were 
furnished by Mr. Lee from the files of the Bureau of Science, Manila, P. I. 

H. P. A. 
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At left, healthy cane; at center, two rows of smutted cane; and on right, partially smutted cane; showing the reduction 

from this disease. The variety in use is Uba cane. 
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Smut cauaed by UtUlago nacchari on Luzon White sugar cane, July, 1^0. 
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‘H 400” Seedlings at Waipio. 


Waipio Experiment R. — 1922 Crop. 

This was an experiment comparing Badila and seven of the so-called “H 400'’ 
seedlings with H 109. The test was carried through two crops, one plant and 
one ratoon. 

The plant crop was harvested in September, 1920, at the age of 17 months, 
while the ratoons were harvested in May, 1922, when 20 months old. The plant 
received 190 pounds of nitrogen per acre from ammonium sulphate and nitrate 
of soda in two doses. The fatoons received 310 pounds of nitrogen from nitrate 
of soda applied in three equal doses, November, 1920; February, 1921, and May, 
1921. 

In neither crop did any of the varieties equal H 109 in yield. In the plant 
crop Badila did very well, but as ratoons this variety failed badly when com- 
pared with its H 109 checks. This was caused, to some extent, by rat and 
borer damage. 

The yields obtained from the two crops are tabulated as follows: 


Variety 


Plant 

Yield 

per Aero 

1 

First Ratoons 

Average 
Tons 
Sugar 
per Crop 

.Caiie 

Q. E. 

Sugar 

Cane 

Q.B. 

Sugar 

H 109 ... . 

77.4 

7.44 

10.40 

93.0 

7.37 

12.62 

11.51 

H 456 .... 

65.1 

7.38 

8.82 

85.9 

8.07 

10.64 

9.73 

H 109 ... . 

71.2 

7.44 

9.57 

95.5 

7.37 

12.96 

11.26 

H 463 ... . 

72.0 

8.53 

8.44 

93.9 

8.78 

10.69 

9.56 

II 109 ... • 

70.9 

7.44 

9.54 

94.8 

7.37 

12.86 

11.20 

n 465 .... 

60.3 

7.88 

7.65 

84.6 

8.04 

10.52 

9.08 

H 109 .... 

1 73.0 

1 

7.44 

9.82 

98.6 

7.37 

13.36 

11.59 

H 466 ... . 

' 69.7 

1 

9.48 

7.36 

1 

89.9 

8.94 

10. 06 

8.70 

H 109 .... 

^ 62.7 

7.44 

8.42' 

87.4 

7.37 

11.86 

10.14 

Badila .... 

' 58.1 

6.93 1 

8.39 

60.3 1 

1 8.52 

1 

7.08 

7.73 

H 109 ... . 

78.1 

7.44 

10.49 1 

99.1 

7.37 

13.45 

11.97 

H 460 ... . 

70.1 

8.02 

8.74 

I 80.2 

! 10.09 

7.95 

8.34 

H 109 ... . 

77.0 

7.44 

10.35 

91.8 

7.37 

12.46 

11.40 

H 427 ... . 

65.5 

8.53 

7.68 

50.1 

10.03 

5.00 

6.34 

H 109 ... . 

75.6 

7.44 

10.17 

107.5 

7.37 

14.58 

12.37 

H 464 ... . 

61.2 

7.19 

6.52 

64.8 

1 9.19 

7.05 

7.78 
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In the following table the sugar per acre per month produced by these 
varieties is given: 




Tons Sugar per Acre per 



Variety 

Month 




Plant 

First Hatoon 



H 109 

0.579 

0.647 



H 456 

0.519 

0.532 



H 463 

0.496 

0.534 



H 465 

0.450 

0.526 



H 466 

0.433 

0.502 



Badila 

0.494 

0.354 



H 460 

0.514 

0.397 



H 427 

0.452 

0.250 



H 464 

0.501 

0.352 

[ 


Averaglj of all except H 109. /J 

1 0.482 

0.421 



From the above table we see that II 109 and four varieties responded to 
increased fertilization and produced sugar faster as ratoons than as plant. The 
other four varieties could not do that and produced sugar very slowly in the 
ratoon crop. 

We are continuing the three best cf the above new varieties — H 456, N 
463, H 465 — and have plowed up the others. 

The seedlings included in this experiment are those propagated in 1911 to 
1914. Some of the H 109 seedlings originated in 1918 and thereabouts, show 
much greater promise. A few of them show indications of becoming strong 
competitors of H 109 itself. Thus far these canes have not been extended to 
the point where large size field comparisons can be made. 


J. A. V. 
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Early Experiments With One-eye Cuttings. 


The Planlers’ Monthly of October, 1900, gave an account of experiments 
by Walter Maxwell in which different amounts of seed cane were used. The 
test eriibraced one-eye cuttings spaced at various intervals. 

The results showed “that the quantity of seed planted does not determine 
the number of canes that are produced.*’ 

Tht report proceeds to say: 

“One eye per 6 inches, “ and “per 12 inches” produces even more canes than “two 
continuous canes in the row.” The lesser number of canes found where “one continuous 
row” was planted was due to the supreme action of the Rose Bamboo in crowding the La- 
haina alongside of it. The number of dead canes found in the Lahaina of that test was 
greater than elsewhere. As many canes were produced, but they were smothered out. In 
the last test of ”one eye per 18 inches” there were actually fewer canes produced, and the 
least number died out; so that in that case it is indicated that on^ eye per 18 inches is 
too wide to ju’oduce a full stand and crop. This observation will be confirmed or cor- 
rected by the new series of tests recently begun. 

The num>)er of canes produced per row or per acre from using different quanti- 
ties of seed is a factor. It is not a conclusive factor, however, and in order to judge of 
the value of thin or thick planting we must also have the weight of cane produced, the 
quality of the cane juice, and, finally, the actual yield of sugar per acre. 

Thcrf>, is very little variation in density, richness, or purity of the juice in the 
canes grown from dift'erent quantities of seed planted. It is observable that the purity 
of the juices is generally rather low for Hawaiian conditions. 


The following data were presented.* 


! 

Number 


Canes per Row 


of Tests 

Quantities of Seed Planted | 

1 

of lOTVa Feet 

1 

' 

1 2 

Two continuous canes in row . . . 

i 382 

2 

One continuous cane in row .... 

313 


2 

One eye per 6 inches 

! 387 


2 

One eye per 12 inches 

387 


2 

One eve per 18 inches 

359 


These figures show that the quantity of seed planted does not determine 
ihe number of canes that are produced. 

YIELD OF »SIJGAR PER ACRE. 


Distances of Planting ! per ' Sucrose in ' Sugar per 

! Acre ' Cane Acre 

1 I 



Two continuous canes in row . . . 

185,660 lbs. 

15.74% 

29,212 lbs. 



One continuous cane in row 

193,180 

15.31% 

29,575 



One eye per 6 inches ! 

194,660 “ 

15.18% 

29,549 “ 



One eye per 12 inches 

195,940 ‘‘ 

15.51% 

30,390 “ 



One eye per 18 inches 

175,036 '' 

15.18% 

26,570 “ 




PLANTING TESTS. 


4 

Variety 

Mode of Planting 

Eyes 

Planted 

Eyes That 
Grew 

Eyes That 
Died 

Lahaina — 





1 

Two continuous canes in row ... 

2991 

1179 

: 1812 

2 

One continuous cane in row .... 

1490 

666 

1 824 

3 

One eve per 6 inches 

645 

631 

14 

4 

One eye per 12 inches 

321 

299 

I 22 

5 

One eye per 18 inches 

208 

197 

11 

1 

Rose Bamboo — 



1 

Two continuous canes in row . . . 

2925 

1504 

1331 

2 

One continuous cane in row .... 

H38 

1 865 

573 

.3 

One eye per 6 inches 

645 

623 

22 

4 

One eye per 12 inches 

321 

308 

13 

5 

One eye per 18 inches 

208 

200 

1 8 


Lap Joints Unsuitable for Longitudinal Seams of 
Return-tubular Boilers.* 


Why are lap joints prohibited and butt joints and double-strap joints re- 
quired for the longitudinal seams of horizontal return-tubular boilers? 

Pressure in a boiler exerts a pull or tension in the metal of the shell. In 
a lap joint, such as i^strated at a and c, the plates are eccentric and the 
stress pulling across 'fhe joint has a tendency to draw the plates into line 
and for the joints to assume the distorted forms shown at b and d. This bend- 
ing action is less when the plates are joined with a broader lap, double-riveted, 
?s shown at c, and the bending action may be reduced by bending the plates 
before they are riveted, but the rivets then are exposed to considerable tension 
as well as shearing stress, in either case the bending action is likely to open the 
laps ancMeakage and cracks are likely to occur where the distortion is most 
severe. The bending action comes into play every time a boiler is fired up, or 
with a rise of pressure, and the plates are again straightened out when the boiler 
cools. 

With a single-strapped butt joint, such as shown at e, all the rivets are 
in single shear and there also is a tendency to bend the plates and the strap 
to the form illustrated at /. 


•Prom “Power,” July 4, 1922. 
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This continual bending in lap joints and in single-strapped butt joints often 
causes cracks (k) to be formed in the plates beneath the laps, and as these cracks 
are widened by corrosion and are hidden, they are dangerous. So many boiler 
failures have been traced to cracks formed in this manner, particularly with 
lap joints, that these joints have come to be regarded as unfit for longitudinal 
seams of power boilers or drums that are greater than 36 inches in diameter, 
and then only if the working pressure is not in excess of 100 pounds per square 
inch, unless staybolted. 
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Illustrating method of failure of lap joints. Hinglc and double strapjjed butt joints. 

In a butt and double-strap joint, such as shown at the plates to be 
joined lie in line with each other, the joint is built up nearly symmetrical by 
inside and outside cover jjlates, and if the main plates and cover plates are curved 
to true circular form before the joint is riveted, there will be little or no ten- 
dency to bending and cracking. 

[W. E. S.] 



Phosphoric Acid at Kilauea. 


Kilai'ea Experiment 30, — 1922 Crop. 

In this experiment reverted phosphate, applied at the rate of 1000 pounds 
per acre, gave decidedly profitable returns. The cane was lladila plant. The 
soil is heavy and one of Kilauea's most unproductive types. The field is in the 
inauka section of the plantation. 


f?EVERTED Phosphate 

Kilauea Sugar Plantation Co. Exp.30, 1922. Crop 
FieU 37. 



The cane was planted in September, 1920. The phosphate was placed in 
the furrow with the seed. All plots received uniform doses of molasses ashes 
and nitrogen. About 500 pounds of molasses ashes were applied. The cane 
received 150 pounds of nitrogen per acre. Seventy-five pounds of nitrogen were 
applied the first season, in nitrate of potash. A like amount was applied the 
second season in nitrate of soda. The harvesting results follow : 


1 


1 

1 ! 

Cane 


Sugar 

1 

Gain From Phosphates 

•Plots 

Treatment 

Q.B. 

Cane j 

Sugar 

X ' 

^ No Phosphate . . . 

24.19 

7.76 

3.11 1 



P 

' 1000 lbs. B. P... 

30.35 

8.19 

3.70 

1 6.16 

0.59 


The cane in the phosphate plots had tasseled and had more lalas than the 
no phosphate cane. The fact that the phosphate cane was heavier had caused 
it to fall down more and it was consequentljrmore rat eaten than the no phos- 
phate cane. Eliminating the rats, there would have been an even greater gain 
from the phosphates. 
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This experiment will be carried on to determine the residual eflfect of the 
phosphates on the ratoon crop. 


Reverted Phosphate 

Kilauea S.P. Co. Exp. 30, 19E^ Crop 


Field 37. 



l.i P 

2.1 X 

3.1 P 

26.43 

27.28 

30.80 

UZ X 

2.2 P 

3.2 X 

24.62 

31.61 

24.17 

1.3 P 

2.3 X 

3.3 P 

31.51 

27.05 

3 2.94 

f.4 X 

2.4 P 

3.4 X 

25.1 1 

27.81 

2 3.35 

1.5 P 

2.5 X 

3.5 P 

27.09 

1 7.78 

34.58 


Summary of Results 


Plots 

Treatment 

Yields Per Acre 


X 

No Phosphate 

24.19 

7.76 3.11 

P 

1000* Rsv.Phos. 

30.35 

8.19 3.70 


Details of Experiment. 


Object: 

To determine value of reverted phosphate when applied to Badila plant cane on 
mauka Kilauea land. 

Crop: 

Badi^ plant cane. 

Location: 

Field 37. 
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Layout: 

Number of plots ==15. 

Size of 4 )lots = 1/10 acre (80 . 6' x 54'). 

Plots consist of 12 straight lines, each 80.0' by 4.5', 

Plan: 



Plots 

Number 

Area 

Reverted 

Molasses 

Nitrogen 




of Plots 

j 


Phosphate 

Ash 




X . 

7 

0.7 acres 

None 

500 

150 



p 

8 

0.8 " 

1000 

500 

150 1 



Experiment planned and laid out by J. H. Midkiff. 

Experiment harvested by J. H. Midkiff. 

Chemical analyses by R. Spreckels. 

J. H. M. 
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No Response From Potash. 

Kilauea Experiment 31, — 1922 Crop, 

In this experiment exceptionally heavy doses of molasses ashes were ap- 
plied to the cane. The lightest dose applied (1000 pouiuls) is nearly double 
the ordinary plantation jiractice. These heavy applications were made because 

Amount Of Potash 

Kilauea S.P.Co.Exp.31,i92tCrop 
Field 3T. 



Summary of Results 


li53 

Treatment 


Oelds Per Acre 

Mdl 

lira Baca tacCT 

n 

None 

a4, 

.9T 

d.SS 

2.61 

El^ 

IOOO*Moloese6 Ash 

23 

.62 

9.56 

2.47 

_Bj 


26 

.82 

9.61 

2.79 
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cane that had accidentally received about a ton of molasses ashes per acre had, 
in a previous ^crop of Yellow Caledonia, evidently made greater gains than the 
■iurrounding cane that received about 500 pounds per acre. 

The Badila plant cane was about a foot and a half high when the molasses 
ashes were applied alongside the rows in September, 1920. All the cane re- 
ceived about 1000 pounds of reverted phosphate and approximately 150 pounds 
of nitrate of soda per acre. With the exception of the molasses ashes, all the 
cane received identically the same treatment. The soil is very heavy and un- 
productive and is located in one of the most unfavorable parts of the plantation. 

The results follow: 


Plots 

Treatment 

Cane 

Q. B. 

Sugar 

X 

No molasses ash 

24.97 

9.55 

2.61 

A 

1000 lbs. molasses ash . . . 

23.62 

9.56 

2.47 

B 

2000 lbs. molasses ash . . . 

26.82 

9.61 i 

2.79 


These results do not show that the molasses ashes give any decidedly bene- 
ficial results. One thousand pounds per acre gave less cane and sugar than no 
potash, while 2000 pounds gave a little more cane and sugar. A spot in the 
same field where piles of molasses ashes were dumped and which received, in 
those small areas, several tons per acre had better lookirtg cane than the rest 
of the field. 

This experiment will be continued to sec if there are any favorable residual 
results from these large doses. 

Details of Experiment, 

Object: 

To determine the value of lieavy doses of molasses ashes when applied to plant cane 
on one of Kilauea’s most mauka, uni>roductive fields. . 

Crop: 

Badila plant cane. 

Location: 

Field 37. 

Layout: 

Number of plots = 18. 

Size of plots = l/10th acre (80.6' by 54') consisting of 12 straight lines, each 80.6' 
by 4%'. 

Plan: 


Plots 

Number 
of Plots 

Molasses Ash 

Baw Bock Phos- 
phate 

Nitrate 
of Soda 

X 1 

1 9 

None 

1000 lbs. per acre 

975 

A 

4 

1000 lbs. per acre 

1000 lbs. per acre 

975 

B ' 

' 5 

2000 lbs. per acre 

1000 lbs. per acre 

975 


Experiment laid out by plantation. 
Experiment harvested by J. H. Midkiff. 
Chemical analyses by B. Spreckels. 


J. H. M. 
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Studies in Indian Sugar Cane, No. 4,* 

[Abridged.] 


By C. A. Barber. 

TILLERING 
In Seedlings. 

The tillering or branching of the cane differs considerably according to the 
variety, and, as the ultimate croj) of canes produced is obviously influenced by 
this character, it is of some importance. Scattered through the literature of the 
sugarcane, there are to be found many countings of shoots at various stages of 
growth, as well as the numbers of canes reaped at harvest, an^ among the records 
on estates a far greater number probably exist. From these observations the 
tillering powers of the various canes under cultivation in different circumstances 
have been fairly accurately determined. But, when we attempt to draAV conclu- 
sions from this material, we see that the subject has rarely been treated from a 
scientific point of view, and in almost every case there is an absence of the careful 
consideration of external factors which might be expected to have influence. 
We still wait for an exhaustive treatment of the subject with scientific safe- 
guards. The present paper may be regarded as, in some sort, preparatory to 
such work being undertaken. 

It will be well, in the first place, to consider exactly what the term implies. 
Tiller is an old English word, allied to the tcigor of the Anglo-Saxon, mean- 
ing a plant or shoot, and akin to the Dutch telcn, to breed. At pre.sent it is, 
])roperly speaking, confined to the mode of branching characteri.stic of grasses. 
This consists in the multiplication of shoots, in the young plants, from the 
lower, short jointed portion of the stem, immediately below the surface of the 
ground. As we have noted elsewhere, this branching is the main work of the 
plant during its earlier period of growth. If the seed is sown too deep, one or 
more elongated internodes bring it to the surface, and then the joints become 
short and congested and branching commences. Shoots are not only given off 
by the main stem, but its branches may in their turn give off shoots, until a 
large number are produced. Branching in the upper, aerial part of the plant 
is less developed, occurs at a later period of growth and has nothing to do with 
tillering (cf Percival, Agricultural Botany, where the .matter is somewhat fully 
dealt with.) 

The factors influencing the amount of tillering in any plant are both in- 
herent and external. Different species and varieties, as well as the seedlings 
raised in batches from the same parents, differ enormously in this character; but 

* From Memoirs of the Department of Agriculture in India, Botanical Series, Vol. X, 

p. 58. 
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this difference is often cloaked by a number of surrounding circumstances, all of 
which seem to, be translatable into the amount of food available, and of these, 
space, light, water, soil, and manure, appear to be the most important. 

We have followed the early stages of the sugarcane seedling somewhat 
carefully in a previous section, and it is at once evident that this mode of branch- 
ing is present in it, and therefore that true tillering occurs in the sugarcane. 
We usually judge of the vigor of the cane seedlings grown at the Cane-breeding 
Station, by counting the numbers of canes and shoots at harvest time, and we 
thus have a certain amount of information as to the tillering capacity of the 
progeny of different parents. 

[The tabulated data of the original article shows the average number of 
canes for a number of lots of seedlings. For the thick canes the average ranges 
from iO to 20, but for the thin canes the average number of sticks is much 
higher, 30 — 97. Extremes are recorded where there were 1 10 canes to a seed- 
ling stool in one case and 140 in another. 

The seedlings are handled under wide spacing, being grown in pits with 
prepared soil of manure. Sometimes the spacing is 6' apart, the pits being 2' 
each way. Closer spacing is sometimes followed using somewhat smaller pits. 
Trenching has also been resorted to, the plants being spaced in the trenches so 
as to give 3760 plants per acre. The wider spacing above recorded furnishes 
only 1200 plants per acre.] 

In Cultivated Canes. 

With regard to the ordinary cane varieties planted from sets, it is well 
known that they differ a good deal in their amount of tillering. Thus the in- 
digenous Indian canes tiller much more freely than the thicker canes of the 
tropics. This is the common experience of the Cane-breeding Station and, what 
is more, the descendants of these two classes of cane varieties inherit their par- 
ents’ characters in this respect. Details regarding the Indian canes are few and 
far between. Practically the only comparative statement we have come across 
is one regarding canes grown at Sabour in Bihar.^ In this statement it is seen 
that the average number of canes per clump, in the thin Indian varieties grown 
there is 8. — 16, in the half-thick forms (Khelia, Striped Bofnsa, Puri and Sukli) 
7 — 8 (Dahlsunder 5.5), and in the thick, imported varieties, 4 — 6. It is not 
possible to deduce accurate acreage numbers from the table, because the details 
are not given of the space occupied by the clumps investigated. But the plants 
were put in at about 6000 to the acre, and, assuming that the countings would 
not be taken where clumps failed, as this would vitiate the results because of 
different spacing, we get, for the thin canes 48,000 — 96,000 canes per acre, for 
the half-thick, 42,000 — 48.000 and for the thick, 24,000 — 36,000. The latter 
figure tallies fairly well with those obtained for the cane varieties grown in the 
tropics. Numerous data can be obtained for these, and I have selected a few 
at haphazard from various sources. 

I Woodhouse, Basu and Taylor. The distinguishing characters of sugarcanes ciiltivate<i 
at Sabour, Mm, Dept Agr^ Ind,, Bat. Ser., Vol, VII, No. 2, April, 1915, 
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Louisiana: Purple cane, 35,000. 

Java: Cheribon, 20,000; /. 247, 31,500; J. 36, 32,000; /. 100, 28,600. 

Madras (Godavari delta): Namalu, 25,000; Mogali, 20,000; Keli, 31,000; 

Seema, 22,000; Yerra, 37,500, etc. 

In almost all of these cases we note that, the thicker the cane, the fewer 
there are to the acre, and the general observation of this fact has led various 
writers^ to suggest that, given similar conditions of soil, climate and treatment, 
practically the same weight of cane may be reaped per acre whatever the variety 
may be. This principle appears to be fairly well established, provided that the 
cane varieties compared belong to the same natural class. A rather striking 
confirmation of this principle, that thickness and canes per acre are negatively 
correlated, may be seen in the following table, the details of which have been 
extracted from Memoir III, where the Saretha and Sunnabile groups of canes 
are contrasted. These canes were all grown on adjacent plots under the same 
conditions. 


Saretfia Group 

Suiniabil^ Group. 

i 

1 

Variety 

Canes 

per 

Clump 

Thick- 

ness 

in cm. 

Variety j 

Canes 

per 

Clump 

Thick- 

ness 

in cm. 

Chin 

29 

1.5 

1 

Kaghze 

20 

1.6 

Rjiret.lia ^ . , . . - 

28 

1.7 

Hansa. 

18 

1 .8 

Klifiri 

24 

1 

1 .8 

♦Sun Habile 

17 

1.9 

Hiillu ICabbii , 

22 

] .9 

Naanal 

15 

2.1 

Ganda Cheni (poor) . . 

V 

16 

1 

2.0 

Dhor (poorly grown). 

12 

2.2 

Average 

24 

1.8 j 

Average 

16 

i 1.9 


In this table the varieties of each group (all that were measured) are ar- 
ranged in order of tillering power and, in the second column, where the relative 
thickness of the canes is given, the order is seen to be exactly reversed. Too 
much weight must not, of course, be attached to this interesting result, for the 
relative differences are by no means proportional, and a comparison of the aver- 
ages of the two groups is instructive as showing that the class of cane has in- 
fluence ; but a similar result, with many exceptions, is to be found in the longer 
tables appended, of thickness and tillering power of the varieties of the different 
groups in the 1917-18 crop on the Cane-breeding Station. 

[The table here referred to is not reproduced. It shows a long list of In- 
dian varieties grown under different conditions of cultivation, irrigation, manur- 
ing, and .spacing. The average number of canes per acre ranges from 49,000 
to 151,680. The statement is made that these fig^ures are not from actual counts,' 
but from calculations based on the number of sets planted. Where sets have 
died out an error is introduced into the estimates as given.] 

Tillering and thickness of cane are inherent characters in each variety and 
group, but we must limit their correlation to the members of the same group. 
Thus, the Mungo class are among the thickest of the indigenous canes, being 
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short and bush-like, and their tillering power is very great; on the other hand, 
ihe Nargori group contain, on the average, the thinnest Indian canes, and their 
tillering power is practically the same in the table as that in the Mungo class. 
Mere thickness cannot therefore be taken as a character from which tillering 
power can be deduced, but the group character must also be taken into account. 
In these and other comparisons the thick canes, tropical, are generally taken as 
one class, because there is at present no classification prepared for them, as for 
the Indian canes. It is certain that great differences exist, which should be 
worked out in order to introduce a proper classification in them also. (See, 
however, Jeswiet’s recent papers on this subject, where a series of descriptions 
of thick canes has been commenced.) 

Taking this character of tillering as inherent in the variety, this variation 
is not surprising, for we have found similar differences to occur in almost every 
other character of the cane. The comparison of such other characters has been 
prosecuted for several years, and it is hoped will form the subject of another 
Memoir shortly. The length and thickness of the cane, the number of joints, 
the relative length of cane and shoot, the width and length of the leaf, the rate 
of maturing of the cane and the number of dead leaves adhering to the stem at 
different periods of growth, all of these characters have been found to vary pro- 
foundly, in the same cane, in different localities in India, and we have noted 
that the locality impresses itself on the plant produced to such an extent, that 
a survey of the series of measurements will generally enable us to determine in 
what part of the country the cane has been grown, A large number of deduc- 
tions could be drawn from this ^ble of tillering, but it is felt that these are 
foreign to our present purpose aiifl, also, that the figures having been obtained 
for one year only, require confirmation and extension and it is hoped that this 
will be done by those in charge of the various farms. It may be noted in pass- 
ing, however, that one of the most interesting results obtained is the way in which 
certain varieties seem to be adapted to certain localities, an aspect of the ques- 
tion which will be dealt with in the Memoir proposed. 

The following summary table shows that, with the exception of Mungo and 
the green section of Saretha, the average thickness of the canes in a group varies 
more or less inversely with the rate of tillering. 


Name of Group 

Number 

of 

Varieties 

Average 
Thickness 
in cm. 

Average 
Number 
of Canes 
per Clump 

Mungo 

32. 

2.60 


Nargori 

13 

1.60 


Saretha (brown) 

13 

1.62 


Unelaasified liat 

21 

1.87 


Sunnabile 

22 

1.‘90 


Panaahi 

17 

i.95 


Saretha (areen) 

10 

1.86 
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Deaths During Growth and the Period of Maximum Tillering. ■ 

In considering the tillering power of different varieties of canes, founded 
on the number of canes produced at harvest, it is necessary again to sound a 
note of warning at the somewhat loose use of the term in general practice. The 
total number of canes at crop time is not in reality a safe guide to the shooting 
power,' or tillering capacity in its narrower sense, becau.se a large number of 
shoots die during the life of the plant. This is a necessary result of cultiva- 
tion, where a tufted grass is forced to grow within narrow limits, so as to ob- 
tain as many matured stalks as possible. There is not room for the develop- 
ment of a number of the shoots formed and hence the mortality among them 
is very considerable. Stubbs in his careful experiments on the Purple and 
Striped Louisianof canes in 1894-95, calculated that the deaths of shoots during 
growth were 58.9 per cent, in 1894 and 53.9 per cent, in 1895. Muller von 
Czernicki, in Java, counted the number of shoots appearing above ground at 
varying periods between 60 and 150 days, and showed conclusively that the 
numbers were far greater at the earlier than the later period. Thus, in Chcri- 
bon 120 — 180 shoots were counted in different plots at 60 days from planting 
and only 60 — 70 at 150 days; the figures for J. 2i7' were 160 — 240 and 90 — 
100, and for /. JOO, 100 — 170 and 82 — 86 respectively. Struben, in a series 
of experiments on /. ,347, found that the better grown plots in the first two or 
three months gave 300 — 400 shoots per row, in one case the number reach- 
ing 415, whereas at eight months all of the rows gave only about 110 shoots. 
No data are as yet available as to whether Indian canes suffer this great mor- 
tality during the earlier period of growth, but there is some reason to suspect, 
from shoot-counting observations, that it is a much less serious factor than in 
the thick canes, and further countings have been commenced to .settle the ques- 
tion. 

Another iioint to he held in view is the relative rate of germination and 
tillering in different varieties. This of course does not refer to the effect of cold 
and drought, as for instance in North India where the early growth is so much 
slower than in the Indian Peninsula, but only includes comjiarisons where the 
conditions are altogether as .similar as it is jiossible to make them. We find 
that there is a considerable variation in different canes in this respect, as can 
be readily demonstrated in comparing the Saretha and Sunnabile varieties on 
the Cane-breeding Station (cf. Mem. III. p. 149). Muller von Czernicki found 
in his shoot-counting experiments, that. Cheribon reached its maximum number 
of shoots in 60 days from planting. /. 100 at 90 days, while 7. 347, although 
having more canes at harvest than either of the others, was slower and later in 
its earlier stages. In comparing the maximum number of shoots formed in any ' 
variety, it is not safe, then, to count the number of shoots in the plots at any 
one time, but the rate of development must be held in view, so as to get a true 
maximum for each variety, and from this to deduce the number of deaths oc- 
curring. For a time the numbers of »shoot.s formed exceed the deaths and the 
total numbers steadily rise in the plots, but a period soon supervenes where 
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there are many more deaths than new formation and, once this period has been 
reached, there i% a continuous and great reduction in total numbers ; later on, 
a sort of equilibrium is reached, when the activity of fresh formation wanes 
and the shoots are of sufficient vigor and size to be able to maintain themselves 
and grow to maturity. 

Artii'K'Iai. T ntkrkkuencf. WrTTi Tiu.ering. 

The great mortality of shoots during growth is obviously of serious import 
from the crop point of view. Not only is the possible number of canes dimin- 
ished, but the formation of such numbers of abortive shoots must be a serious 
drain on .the reserves of the plant. Attempts have accordingly been made from 
time to time to limit the tillering of the sugarcane by artificial means. It is the 
common practice with many crops to thin the plants out When they have become 
established, thus assuring a full stand with plenty of room for the development 
of each plant. .This practice is hardly applicable to the present case, which is 
more analogous to the thinning out of branches in pruning and removing an 
excessive number of fruits or flowers for the better development of those that 
remain. Rosenfeld conducted some experiments at Tucuraan on the effect of 
the thinning out of cane shoots on the crop, but found that the results from this 
procedure were rather adverse than otherwise.' These experiments are, how- 
ever, open to serious criticism and cannot be regarded as demonstrating the inad- 
vi.sability of the practice of thinning. His experiments were conducted on a single 
plot of canes, half of which was thinned and the other left intact. There was 
no control or duplicate plot. He repealed the thinning operation each year on 
the same plot, where the canes were grown, to first, second, third and fourth 
ratoons. It would be a mistake to assume that these successive experiments on 
the same plot were in any way a substitute for proper control plots, in that any 
fault in the original selection would but be repeated each year. Besides this, 
it is quite possible that ratoons may behave differently to plant canes in this mat- 
ter, and also among themselves, whether first ratoons or those of a higher order. 
No hints are given as to the character of the season in each year, although 
there are instrinsic evidences that these differed, and it is quite reasonable to 
suppose that the thinning would have a different value according to the season, 
and consequent general health and growing of the plants. I..-astly, no prelim- 
inary experiments appear to have been mad^'Eit t^e’^frect time of thinait^. 
The plot was planted in June, it was thinned in March “where it was tISought 
necessary,” “by removing suckers and small canes where there was an abund- 
ance of larger better-grown stalks,” and the crop was reaped in July. It would 
seem natural that this late rethoval of small canes would act prejudicially on the 
weight of the crop at harvest, and the canes were also naturally, on the average, 
thicker as well as fewer in the thinned pldts. For a decisive result on the effect 
of thus artificially restraining tillering, the 'flnnning -should be carried out sys- 

rBesenfeld, A. H. Experiments in thinning out sugarcane rows. International Sugar 
Journal, 1914, p. 920, and 1918, p. 80. 
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tematically throughout the plots, separate plots should be thinned at different 
periods of growth, and a reasonable number of controls should be introduced. 

In Louisiana, profuse tillering is a matter of .some moment because of the 
shortness of the season. For the best results to be obtained, it should be great 
in the earlier part and small or absent at the end of the season. This has been 
very clearly explained by Stubbs,' and a further danger in later tillering has 
been pointed out by him. Shoots developed after July 1 are not likely in Louisi- 
ana usually to mature before the cold weather sets in. Furthermore, late tiller- 
ing and shooting of the aerial buds destroys the evenness of the stand in the 
ratoons of the following year, as these are (presumably) killed during the cold 
weather. Stubbs therefore paid very marked attention to the matter for several 
years, and adopted various methods which, he thought, might regulate the branch- 
ing of the cane at different periods of growth, his desire being to stimulate the 
early and restrain late formation of branches. His general conclusions are 
summed up in the statement that tillering is a natural property of the cane and 
cannot be prevented. As the result of his experiments he, liowever, suggests 
that continued working between the rows without injuring the roots might act 
as a restraining influence on too late branching. 

The earthing up of the cane rows is a well-known practice, both for the 
purpose of drainage and the provision of suitably prepared nutriment, and for 
giving the plants a firm hold on the ground when they are tall and stormy weather 
prevails. It is customary in Java for this operation to be performed at stSited 
intervals, and there appear (o be four successive earthings u]), during the first 
four or five months of the plants' growth. This practice, as with all the agri- 
cultural operations on the cane field, is doubtless the result of numerous careful 
experiments during past years, h'rom what we have stated regarding the dif- 
ferent phases of growth in grasses, we should naturally assume that the heaping 
of earth over the base of the cane plant would, by lengthening the period of 
underground branching, tend to increase the tillering. But it seems to be held 
by many in Java, that earthing up tends rather to restrain tillering. As, how- 
ever, the opinions expressed from time to time have been very conflicting, Stru- 
ben 2 and others have conducted experiments to see if tillering was aflFected by 

delaying the earthing up. Struben’s general conclusion is that the time of earth- 
ing up has little or no eflfect on the general crop result. In another paper he deals 
with other matters, such as manuring and spacing, and comes to the same general 
negative restllt, and it is worth while drawing attention to the fact that he would 
almost seem to hold a brief for the non-eflfect of these various operations, whereas 
it occurs to us as quite possible that another worker might have come to a some- 
what different conclusion on the facts quoted by him. We shall refer to this in 
more detail later on. 

1 Stubbs, W. C. Sugarcane, Vol. 1, Chapter XTV, Suckoring of cane. 

2Struben, W. Vroege of late aanajarcling? Archief, v. d. Suilcerind, in Ned, Imh, 
Bijblacl, 1909, p. 592. 
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On the Factors Influencing Tillering. 

Of all the facts influencing tillering, perhaps the most important is light, 
but the provision of other needs of the growing plant, such as warmth, moisture, 
soil constituents and manuring, must also be considered. Lastly, the space avail- 
able is of immediate effect, because of the interference of the shoots with one 
another and the varying amount of light and food in all its forms which may 
be obtainable. It should be obvious that tillering, being an essential character- 
istic of the growth of the plant, will be assisted by anything that induces a better 
physical condition. 

The Influence of Light. We have seen that deeply planted grass seedlings 
at once set about an attempt at reaching the proper place for tillering, near the 
surface of the soil. A similar contrivance has been shown to exist in certain 
young sugarcane seedlings [Vol. XXVI, p. 2 . 14 , Record], but observations have 
not been recorded as to this habit in deeply planted sugarcane sets. In our dis- 
sections, however, we not infrequently ineet with what might be termed upright 
runners, in which long, thin internodes are intercalated between the usual con- 
gested short internodes of the base, and doubtless the meaning of this is some- 
times the same as that in seedlings, in that thereby the underground part may be 
placed in the best position for rapid branching, near the soil surface. Tillering 
cannot take place satisfactorily unless the shoots are able immediately to emerge 
into the light. But when a certain number of branches have been developed, and 
the light space so to speak is filled, further shoots are at a disadvantage in that 
they are overshadowed by their neighbors. This is undoubtedly the cause of the 
great mortality in cane shoots during the growth of the crop, and it is not easy 
to see how this perfectly natural effort at producing as many branches as pos- 
sible can be prevented, if the plant itself has not the power to adapt itself to 
the conditions. It is fairly certain that this death of shoots is not due to the 
lack of food supply in the soil, for this can be, and habitually is, supplied to meet 
all possible needs. Generally speaking, all plants in the light branch more freely 
than in the shade. Growth in length is repressed in light and a more spreading 
habit is induced which gives room for more shoots to be developed. As one 
author has justly argued, of all the food producers on which the plant is depend- 
ent, light is the only one over which we have no control. There is a definite 
amount of light available for each area, and this we cannot increase by any 
means, whereas air is. moving, and water anff^lts can be^ applied artificially. 
We can increase the depth of soil and the amount of water, can iniprove the 
physical condition of the soil and add manures as desired, but as soon as the 
amount of light available is fully occupied, the further, branches are shadowed 
and unhealthy, however many we may by various means cause to be developed. 
It is a common experience that trees on the outside of a fewest, or in free space, 
are much larger and more uniformly developed than those within the forest, 
and this is not only due to their greater command of the soil around, but also 
to the light available, and the same applies to cane plants near the edges of the 
fields or along the sides of the paths. The problem of obtaining the greatest 
number of canes per acre is thus seen to be strictly limited by this factor, as 
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well as by those of cultivation and manuring. Light is perhaps the most im- 
portant limiting factor as regards tillering. 

Moisture also tmdoubledly affects tillering, as can be seen by studying the - 
plants along the irrigation channels where they are as closely planted as else- 
where. The frequent advantage of plants so situated should be carefully noted, 
as suggesting that full use is not always being made of watering facilities. There 
is still a good dedl of work to be done with regard to the effect of the duty of 
water on the number of canes to be obtained under varying conditions of soil 
and manuring. 

Manuring naturally has its effect on the number of canes produced as- well 
as their individual weight and the richness of their juice. A careful study of 
this effect has been made by Kilian, who desired to kiiow the best manure to 
be applied to the three cane varieties which appeareil to be suited to the differ- 
ent soils in his estate at Poerwodadi in Java.^ Although his research was 
limited to a purely utilitarian problem, the care with which his experiments 
were conducted renders them valuable from the scientific point of view, and 
their limited range is of no disadvantage in this respect. The experiments were 
with Black Cheribon and J. 217, which were canes growing well in his condi- 
tions, and consisted of a series of plots to which were added varying amounts 
of sulphate of ammonia, superphosphate and cattle manure. Besides studying 
general yield and other matters, he counted the number of canes at harvest, and 
this renders his paper of intere.st to us. Briefly the results were as follows: 

In Black Cheribon, with the same amount of suljdiate of ammonia, increas- 
ing doses of superphosphate gave a gradual rise in the weight of cane and of 
.sugar per acre : also there was an increase in the number of canes, but this was 
less regularly the case. With increasing doses of sulphate of ammonia, the 
numbers of the canes varied irregularly, whereas the weight of canes and of 
sugar gradually increased. With the addition of a sviitable amount of cattle 
manure to a moderate amount of both of these artificial manures, there was a 
distinct rise in the numbers of canes in tlie plots, as well as weight of cane and 
of sugar at crop time. The experiments with /. 217 seem to have been con- 
fined to the ammonium sulphate series, and the results were similar to those 
with Black Cheribon, 

These experiments were carried out on soils varying from heavy black clay 
to thin dry loam, and we see that the addition of quantities of suitable manure, 
especially cattle manure, lead to a distinct increase in the number of canes. It 
seems probable that similar results would be obtained in other places, once it 
is determined in what direction the manurial constituents of the soil are lacking. 
Kilian’s results on the numbers of canes are summarized in the following table." 

1 Kilian, J. Bemestings-en plant verband-proeven op de S. F. Kanigoro, oogst 1908-9, 
Arohief v, d. SuikerM, in Ned, Ind,, Vol. XVItl, p. 566. 1910. 
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NUMBEB or CANES PEB BOUW (1% acres) WITH DIPFEBBNT MANUBE8. 
EfperimenU With Super and Cattle Manure: Black Cheribon. 


Manure 

Thin Dry- 
Loam 

Dry Loam 

Heavy Black Olay 

4 pik, sulph. am : 

'i 33,011 

V slight 

' ) fall * 

) 36,045 

* J’ rise 

37.698 


28,772 

) 


do. + 1 pik. super 


) 39,204 

f irregu- 
/ ular 

do, + 2 pik. super 

1 38,261 

f 34,367 

/ slight 

V rise 

do. + 3 pik. super 

1 40,562 

) 

• do. 4- cattle manure 

36,642 

42,865 


Experiments With Sulphate of Ammotna and Cattle Manure on Dry Loam, 


' 

« Manure 

J, 247 

Cheribon 

1 


3 pik. sulph. am 

4 do 

f 57,135 

> irregu- 

^ lar 

34,559 

irregu- 

lar 



5 do 



6 do 



4 do. + cattle manure 

60,934 

35,177 



* The words “slight fall,” “rise,” etc., below an average figure, indicate any 
changes within the bracketed treatments. 

Kobus ' in an earlier paper ( 1905) describes the results of his experiments 
on growing cane uninterruptedly on the same hind for a succession of years, 
with a various assortment of manures designed to take the place of rotation and 
fallowing. In this series were N, N and P, N and K, N, K and P, and all 
these with or without the previous addition of Ca. The series is a very full one, 
as it deals with three different varieties of. cane, J. 247, J. 33a and J. 36. He 
states that the plots were much affected ly the weather, there being a severe 
drought in the earlier ^art of the season, but that they recovered much better 
than he had expected. /There w'ere, however, many failures in germination, 
varying from 6.4 per cent, to 12.4 per cent, in the different varieties. Rats in- 
vaded the plots and created ^at havoc, to an extent in some cases of 40 per 
cent. Lastly, J. 36 suffered frwn red rot, as this variety is more liable to the 
disease than the others. Among other- data, he obtained the number of canes 
in each plot, and his general conclusions-were that tillering is comparatively 

1 Kobua, J. D. Cultur van snikerriet zonder tuzBchen-gewaasen. Archief v. d. Java 
Suikerind. Vol. XHI, 1»05, p. 485. 
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unaffected by manuring. By this we presume that he means rather that- the 
kind of artificial manure applied, whether nitrogen, potassium, phosphorus or 
calcium in their various combinations, has little effect on the number of canes 
produced per acre. This does not seem to be quite the same position as that 
taken by Kilian and, for the present, his more special work seems to be more 
to the point, as it deals rather with the quantity of suitable manure than the kind 
of manure applied. 

Struben,! ih 1911, asserts that there appear to be no definite experiments 
1911, p. 487. 

on the effect of manuring on tillering. This seems rather strange, in view of 
his later quoting from both Kobus and Kilian. He states that he has often 
noted that very heavy manuring does not affect tillering, although he does not 
liim.self experiment in the matter. As we have pointed out above, Struben as- 
sumes the attitude that no appreciable alteration is made in tillering by various 
changes in cultivation, whether spacing, earthing up or manuring, and for this 
dictum he seems to depend on a generalization of Kobus, made in his 1905 
paper, referred to above, that “with a difference of even. 10 per cent, in the 
numbers of canes in a plot, there may be a similar outturn of sugar at crop 
time.” This perhaps will throw light on Struben’s attitude and. when he asserts 
that the number of canes is not influenced by manuring, he may mean that, as 
far as total sugar obtained is concerned, such differences as are noticeable are 
of little con.sequence. With this aspect we are at present not concerned, and 
have little hesitation in concluding that manuring has ati influence on tillering, 
as well as any other means by which the healthiness and vigor of the plant is 
enhanced. i ■ . ♦ 

1 Struben, W. ITitstoeliiij?. Archirf v. <1. finiknind. in Ned, Ind., Vol. XIX, Part 1, 
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Sugar Prices, 

96° Centrifugals for the Period 
June 16 to September 15, 1922. 


Date 

Per Pound 

Per Ton 

lienuirks 

June 16, 1922 

.. 4.61 ^ 

$ 92.20 

Cabas. 

i t 

19...... 

.. 4.625 

.92., 50 

Porto Ricos. 

i < 

20 

.. 4.73 

94.60 

Cubas. 

* t 

22 

.. 4.86 

97.20 

Philippines. 

f t 

26 

.. 4.77 

95.40 

Spot Cubas. 

( t 

27 

.. 4.73 

94.60 

Cubas. 

( ( 

30 

.. 4.80 

96.00 

Cubas. Market holiday Friday night until Wednes- 
day morning. 

July 

i t 

5 

.. 4.75 

95.00 

Porto Ricos. 

6 

.. 4.99 

99.80 

Cubas 4.09, Porto Ricos 5.00, Philippines 4.98. 

i ( 

7 

.‘. 5.025 

100.50 

Cubas 5.0.5, Porto Ricos 5.00. 

( < 

10 

...5.00 

100.00 

Porto Ricos. 

(i 

n 

.. 4.99 

99.80 

Cubas. 

< i 

12 

.. 4.93 

98.60 

Spot Cubas. 

i < 

13 

.. 4.905 

98.10 

Cubas 4.92 and 4.89. 

i i 

14 

.. 4.89 

97.80 

Cubas 4.86 and 4.92. 

i ( 

17 

.. 5.00 

100.00 

Porto Ricos. 

t ( 

18 

.. 5.0533 

101.06 

Porto Ricos 5.00, Cubas 5.11, Porto Ricos 5.05. 

(( 

19 

.. 5.24 

104.80 

Cubas. 

{ t 

21 

.. 5.22 

104.40 

Cubas. 

( i 

25 

.. 5.345 

106.90 

Cubas 5.36 and 5.33. 

Aug. 

t i 

7 

.. 5.36 

107,20 

Spot Cubas. 

15 

.. 5. ,30 

106.00 

Spot Cubas. 

i ( 

16 

.. 5.26 

105.00 

Spot Cubas, 

1 1 

18 

.. 5.15 

103.00 

Spot Cubas. 

i i 

21 

.. 5.11 

102.20 

Spot Cubas. 

i i 

22 

.. 5.0575 

101.15 

Spot Cubas 5.11, 5.08, 5.03, 5.01. 

( t 

23 

.. 4.9425 

98.85 

Spot Cubas 5.01, 4.88, 4.89; Cubas 4.99, 

1 1 

24 

.. 4.80 

96.00 

Spot Cubas. j 

< ( 

28 

.. 4.955 

99.10 

Cubas 4.92 and 4,99. 

* i 

29 

.. 4.99 

99.80 

Cubas. V .. 

t ( 

31 

.. 5.25 

105.00 

Spot Cubas 5.23, 5,26; Cubas 5.24. , 

8(»pt. 
1 1 

1 

.. 5.24 

104.80 

Cubas, 

5 

.. 5,24 

104,80 

Spot Cubas. 

(t 

7 

.. 4.99 

99.80 

Cubas. 

[Beginning Sept. 9, Saturday market days resumed. 
Basis 4.99, no sales.] 

if 

14 

... 4.86 

97.20 

Cubas. 

1 i 

16 

..4 4.73 

94.60 

Cubas. ^ 




